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INTIOODUCTION 


This circular outlines salient facts regarding the sulphur industry of 
the United States and the world. It is founded chiefiy upon published information 
available in the literature of the subject. . The Bureau of Mines has in its files 
additional, more detailed data upon many 6f the topics presented very briefly here, 
and will endeavor to assist the mineral industries and the public by giving further 
information in response to individual inquiriese It will welcome comments, criti- 
cisms, and contributions of data that may assist in making later editions of this 
circular more accurate, or in déveloping more fully the bureau's arperee files per 
, taining to sulphur» linge seeds 


Phroughatt this paper sulphur is used to designate crude spolphur or 
brimstone, not aed produced from pyrites or smelter gases. | 


, PROPERTIES OF SULPHUR 


7 _ Sulphur is a nonmetallic. element which occurs native as a erystalline 
..minerale It is transparent and Seeueeeeey to opacgue and is nighly merraceeTe with 
| strong bierefringenceée  .. ; - me ake cud | 


Colors Bright primrose yelbow, but due to impurities, often edna. reddich, 
greenish or zrayishe . keee 4 i 

Streak: White to yellowe 
Lustre: Adamantine to resinous on Seratat faces, otherwise resinous or greasy 
Crystallization? Orthorhombic, of bipyramical or. tabular habits also fibrous in 
spneroidal masses, stalactitic, powdery, or earthy. Molten a sulphur forms long, 


eo 1. © & B © #2 6 2 


crystals, the stable forme | eure ee 

Cleavaze: Indistinct, imperfect. aetere | 

Fracture: Concoidal to unevens brittle. -- 

Specific Gravity: Amorphous sulphur, 2.0¢ rhombic sulphur, 220063 monoclinic sulphur 
1,963 rhombohedral sulphur, 20135. - BE eee tees tk | 

— Atomic Weigh’ 33 320064. : : 

MeltingPoints 114.5 0. (238.4107, )- for riatibic siiphurt 119,25°C. (246,65°F.) for 
monoclinic sulphur, On melting, sulphur.forms a thin, lighteyellow liquid, which on 
being.more stronsly heated becomes darker ‘and thicken: at .250 to 260°C, it is nearly 
black and so viscid that.it does not run out. wnen the vessel is upsets at a still 
highe# temperature it. Pacer thinner again, keeping its brown color and smelting 
brownish red vaporse . 

Bolling Points 444.55° Cs has an sopredebie vapor oressure at ordinary temperatur¢, 


is sensibly volatile at 100°C, and in air burns at: 261°C, 
Conductivity: Nonconductor of heat and electricity; if rubbed,. Produces negative 


electricitye 
Solubility: Insoluble in water and acids, but. dissolves in’ carbon “disalphide cold 


and in alcohol, ‘ether, and light petroleum when heated. 
Tests Burns readily with bluish flame, giving an irritating ofor of sulphur dioxide 


(Sd) e 


79235 . ~ 2 « 


Sulphur has several siletsonies modifications. both crystalline and amor~ 
phous. This if boiling sulphur is suddenly quenched in water ‘&t becomes e@ tough, 
elastic material resembling India rubber, which reverts to crystalline sulphur in 
a fev dayse Also the flowers of sulphur dissolved in CS2 leaves 5 to 6 per cent of 
anorphous vhite sulphur that is dable until heated to 100°C,. 


Finely divided sulphur wen aepoeed to ‘air and deveture ‘undergoes slow 
oxidation, even at ordinary temperatures, with the formation of sulphuric acid. 
Similar reaction with other oxidizing agents in the presence of water permits thé 
determination of the percentage of sulphur in mony sudstancese 


, Sulphur combines with many metals when they are heated together$ strips 

of copper, for example, burn brilliantly in sulphur vapor. Red~hot iron held agains 
sulphur burhs in the vepor generated, with sputtering of molten iron sulphide that 
is formed. Under suitable conditions it also combines with most of the non-metals,. 


hur occurs widely and is abundantly distributed in nature in both the 
combined and’ iree state. Hundreds of minerals contain sulphur as one of their 
essential chemical constituents, but only a few are mined or used for sulphur, and 
of these few only one is used exclusively for its sulphur, This mineral is native 
sulphur, which as mined looks like the orfiinary sulphur wsed in the household, A 
complete list of the localities eneeere en native sulphur would include all of the 
volcanic regions of the worlds 4 


In its native state sulphur occurs in a pure crystalline form more comnon- 
ly intermixed with earthy matter, the latter being the most important source of all 
native sulphur, With regard to origin, native sulphur is of two types of occurrenc< 
Large devosits occur in sedimentary rocxs and are generally the result of the reduc 
tion of gypsume The enormous deposits of the Gulf Coast region of the United States 
and the deposits of Sicily are of this type. 


. 8 @ @ «© +6 
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solution with lifting power due to sient iaabian and to the pressure ‘flovaze of 
tae plastic salt. The latter theory seems to be most: favored. The sulphur occurs 
in the limestone, gypsum, and anhydrite caprock which forms a mantle over the salt 
plug intrusions There are many of these domes in the Gulf Coast rezion of the 
States of Fexas and Louisiana, but only a verr few contain sulphur in commercial 
quantities. 


More commonly sulphur is fovnd in the rocks of volcanic vents or of sole 
fataras, Hydrogen sulphide (H2S) is a common exhalation from volcanoes, and the 
reduction of this gas. gives volcanic sulphur which is deposited in the tufas or 
other adjoining porous rocks. Such deposits on a small scale may be seen incrusting 
fmeroles in the Roaring Mountain or associated with the sinter deposits of the 
Mammoth Hot Springs in Yellowstone Park. Such devosits have also been observed at 
many other places in the Western States— at Cuprite, Esmeralda County, Neve: at 
the Rabbit Hole mines in Humboldt County, Nev.; at Sulphur Bank, Calife: at Cove 
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Creek Mine, Beaver i iaiias Utah; and at ‘Thermopolis, Wyoe ‘The deposits are often 
small and consist largely of fissure fillings. Taney are ‘workable in Hokkaido and 
im the Island of Kyushu, Japan$ in Chile; in the vicinity of Lake Rotorua, New 
Zealands and in Nevada ani Utah. fo this type also belong the de osits ‘of Alaska, 
Eouador, Iceland, Mexico, and other volcanic regions. 


The occurrence of aula ides is wide and abundant; sulphides of the metals, 
especially pyrite, the sulphide of iron, are scattered throughout a large part of 
the earths cruste Industrially, the occurreuce of sulphides is of major economic 
Importance, because of the metallic contsnt in lead, copper zinc, and other sulphide: 
or, in the case of pyrite, for sulphur itself, Sulphur in the form of sulphur di- 
oxide (SOo) 1s an important dy~product in the smeltinz ores oe various metals. 


A list of the more imocrtant sulphides with their dretieai symbols and 
sulphur content followss 


Minerval Composition Per cent sulphur 
Pyrite COCeceoscevesveed eovebeesee FeSo | 6H 4 7 
MAPCASLUC 66664408 Sew eee ZeSo »5bet | 
Molybdenite ec.ccccccereveves MoSe — 4020 
Orpiment esosrecccecccvecece Aso&Sz 3920 -- 
Pyrriotite: ¢<issc0rewseieeews ¥e11812  88,4:. 
Pentlandite ecs..sees bdenariaravane (FeNi)S 3600 
Millerite ev-ceccvevcccvvece Nis 3508 
ChalcopyrTite vesssccecsesver CusFeosa 3500 
COVGLIALG 66565 esteewedeewes Cus 33606 
Sphalorite vesserercscoveees ZnS 3320 
Bnargite eevrserescecvscevee Cuzits& 4 - S206 
Stipnite ecccsccsccvsreccvece SboS2 - 2806 
BOVNs CO -ie6-5 bie. w Wisse 6500 es eee Ses Cust'e SA 2505 - 
Potrahedrite essessssererece CugSbo57 2361: 
Greenockite evsecv evvccere: as 2203 
Chalcochte eossccserecvcecce Cuo& 20e2 
ROA GAL” 64.030 s0s see sks Ben eee AsS 19-9 
ATSONOPYTIte esccececccccvee FeAs§& 19.7 
Proustlte eovvereccccceccecs AgzAs§ 19.4 
Bismuthite o.....ee. seis were Bio$- 18.8 
Pyrareyrite evcecsccvevvveee AgaSb Sz 17.28 
Stephanite o...ssccove-cvcee LesSb S4 16-3 
Polybasite Oeereceesceveccvoes Acg9SbS¢ 15.0 
CAmNMADALY seccccerscecevcesns Es§ 13,8 
Galena s6454sNw wes sees ses re PbS 13,4 
Argentite eecscccescnsccccns AgoS 12.9 


fhe possibilities of most of these minerals as sources of sulphur are 
very remote because of either low sulphur content or scarcity of the mineral. But 
sulphur in the form of sulphur dioxide is an important by-product in the smelting 
of ores of various metals, notably copper and Zince The most exténsive occurrences 
of sulphur in sulphide form are as pyrite and pyrrhotite, which are mined chietly 
for their sulphur content. | 
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A list of the countries where sulphides occur would include nearly all 
the countries of the world. Enormnous amounts of sulvhide occur in the United States 
Spain has large reserves of pyrite thet usually contains some copver. 


although comparatively little sulphur is drrived from the sulphate group, 
end to date it is not an important source of sulpnur, occurrence of the sulphates 
is widespread and they have many impottant commercial applications other than as 
ores of sulpnur, Combined with oxygen and bases, sulphur is found in nature as 
gypsum (CaSo42H=0), selenite (CaSo42H00), and anhydrite (CaS0,) as celestite (SrS04) 
as epsom salts (MgS047H20) kieserite (MgSO4H20), chalcanthite (CuS0,5H00), and ang~ 
lesite (PGB04)« 


Sulphur is found in vegetable and animal tissues, in a variety of protein 
substances, in the hair, the nails and in horn, in the taurin of the bile, in the 
cystine in urine, etce Many volatile oilsf-* example oil] of mustard, oil of garlic, 
etc. are composed of organic sulphur compounds to which thoir characteristic smell 
and other properties are due. 


WORLD SOURCES 


The principal sources of sulphur in the world to-day are the United States, 
Italy, and Japan, with the former by far the major factor. Other countries produc 
ing sulphur, but of minor importance, are Chile, Spain, and the United Kingdom (as 
& by-product of Chance»Claus process and in the punification of coal gas). Other 
sources of mown production are Austria, Ecuador, France, Greece, China, Mexico, 
New Zealand, and Russia. For many years past and until 1903, 95 per cent of the 
worlds supply of sulphur was mined and prepared for use in Sicily. Since then, 
however, the United States has become the largest producer, contributing about 80 
per cent of the worlds sulphur in 1929. 


United States 


The chief devosits from which sulphur is now obtained in the United States 
ere in the southern part of the State of Texas near the Gulf Coast. Minor opera. 
tions exist in Nevada and Utah. In 1929 more then 99 per cent of the total United 
States production came from mines in Texas, where three major overations contributed 
Practicelly all of the sulphur mined. Two smaller mines started in 1928 but were 
not imsortant producers, A new and large producing property with extensive reserves 
started production early in 1929. Recent activities in geophysical prospecting inci- 
dent to the exploration of o11 have indicated the occurrence of many previously un~ 
‘mown salt domes. Since the large sulphur deposits of Texas and Louisiana are .. . ‘. 
located in the cap rock of such domes, the discovery of other sulphur producing domes 

ia this district is a possibility, though all such domes are not sulphur~bearing, 


The largest producing property in Texas is the Big Hill Dome of the Texas 
Gulf Sulphur Co, which produces upwards of 3,000 tons of sulphur a day. The other 
two major producers are Bryan Mound property and Hoskins Mound property operated by 
the Freeport Sulphur Co. Two other companies started operations in Temas during 
1928 and contributed small amounts — The Palangana Dome property of the DuvaleTexas 
Co. and the Boling Dome property of Union Sulphur Co. Early ih 1929 the Texas Guir 
Sulphur Co. started operations at Boling Dome, where it has developed a potential 
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tonnage said to be the largest so far on the Gulr Coast. 3) Sulphur deposits zazist 
in many of the States and in Alaska and adjacent islandse Some of these deposits 
have been worked in the past but are not at the preseat tine of economic importance 
as a source of. sulphur s 


Italy 


Sulyvhur is one of the chief mineral products of Italy. With an annual 
production of nearly 300,000 metric tons, it is the most important sulphutproducin 
country in Europe and rarks second to the United States in world production. The 
most important Italian sulphur deposits are found on the Island of Sicily, but, 
sulphur occurs arse on the mainland in the Emelia, The Marches, Campania, Calabria, 
and Siennade 


Si ci lve 


Sicily has produced sulphur for several hundred years, and estimates ine 
dicate that over 18,000,000 tons have been mined and extracted. At the vezinning 
of the twentieth century most of the world's suoply came from Sicily, but at pre 
sent Sicily supplies less than 10 ver cent, The output decreased from 500,000 tons 

-in 1900 to 215,000 tons in 1928, 


TAPAN APAN 


“Since 1909 Japon has had an ennual oroduction of more than 47,000 metric 
tons or sulnhur, most of which was exocrted to the United States, Australia, China, 
Canada, Hongkong, Indias Of late the export has dwingled considerably, as Japanese 
production nas been unable to compete in the United State with the domestic product 
and in 1928 was estimated at about 5,000 tons. a 


Tne Japanese deposits of sulphur are widely distributed. They are found 
in the volcanic districts extending from Chishima (Kurile Islands) through Ho!-kaido 
Honshu, ard Kyushu dowm to Taivan. Shikoku and Chosen heave no sulphur mines. The 

‘most important comercial deposits are found on the Island of Hokaido, 


Svein: 


| - Deposits of sulphur associated mith gypsum and impure limestones ar‘ 
mined in the provinces of Murcia, Almeria, ani Albacete and are found in Gran#ddz,al 
in the southeastern part of the covntry. Another cenosit occuxs in the province of 
fervel in northeastern Spain. The ore runs 30 per cent to 40 per cent sulphur but 
is pockety. In tune Lorca region of the Murcia there is yet untouched 900,000 tons 
of sulphur just north of the mines tas | worked in this secticn. 


Gaile 


The deposits of eae in Chile are in the volcanic districts of that 
countrye Deposits of excellent ouality exist in. Coquimbo, Atacama, Antofagasta, 
Tacna, and Aricae Only a small percentage is exploited, ‘mostly from Tacna, and 
Antafagastae 
3/ Engineering and Mining Journal, Texas Gulf our Plans Extensive Operations: 

Vol. 125, Jane 14, 1928, po 66. | | 
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The deposits occur usually in beds of volcanic origin, but occasionally 
as fissure and vein fillings at or near the surface, on the flanks of old volcanoes. 
The workable devosits usually range from 2 to 8 fect in. thickness and may reach 
20 to.30 feet. The deposits occur at high altitudes, and ‘because of the rigors: of 
clinate and rarity of the atmosphere production is difficult and all labor oe be 
perforned by native Indians accustomed to conditions, — : 


United Kingdom 


Altho very little native sulphur is found within the United Kingdom, _ 
there is &@ considerable production of by-product sulphur, partly from the Chance~ 
Claus process and partly from the purification of coal gas. 


The Chance~Claus process decomposes ‘the calcium sulphide (CaS) of vat 
waste of the Leblanc process by means of carbon dioxide (C02) obtained from lime 
kilns, and recovers the sulphur from the sulphuretted hydrogen gas thus generated. 
It is difficult to obtain accurate data as to'dfantity of sulphur which has been 
produced by this process, but estimates have stated that the minimum output has 
been about 35,000 tons annually, mainly manufactured in Great Britain, The sulphur 
recovered by the “aance~Claus process 4s of high degree of purity and commands a 
goodprice, Te adoption of this process by the Leblanc alkali makers was very 
largely responsible for their being able to continue the Leblanc as opposed to the 
Solvay ammonia-soda processes This sourse of sulphur, however, is now rapidly becom 
ing of less imoortance due tq the replacement of the Leblanc caustic soda process 
by electrolytic methodse a. 


The. by~product oe recovered in fii purification of coal gas ‘ds in 
the form of "spent oxide" and generally contains about 49 per.cent sulphur, The 
production of spent oxide and the per cent of sulphur contained, eons in the 
United Kingdom for the years 1923 to 1927, is as followss e 


Year Amount Clong tons) Sulphur, per cent 
1923 151,000 | 4920 
1924 152,000 48.06 
1925 148,000 48.03 
. 1926 128, 600 48 97 
1927 155,500 4962 
| Russia 


Sulphur beds: have been mown in a number of localities in Russia for 

many years but have not been developede These deposits are scattered in various 
parts of the Union including the Mid-Volge region, the Caucasus, Turkestan, Trans. 
baikal, Uzbekistan, Crimea, Daghestan, and Kamchatka. The most important sulphur 
reserve for the immediate future is the Chekur-Koyashicoe deposits at Kerch in the 
Crimean peninsula where minimum reserves are estimated at a half million tons in 
an ove containing 20 per cent sulphure Greater deposits know as the Kara-Kim de~ 
posits exist in Turkmenistan, Turkestan, in the sandy region east of the Caspian 
Seas here the existence of extensive beds of sulphur have been definitely estab. 
lished which are estimated to contain several million tons. It is reported 
that a refinery is being erected on these deposits. Large deposits of sulphur are 
a to exist on the Mama River in Eastern Siberia. 
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Mexico 


Sulphur deposits are widespread in Mexico, although at present they are 
‘of no economic imoortancee In the past various deposits have been worked for sul- 
phur, but there is no production in Mexico to-day. The deposits in the crater of 
the volcano Popocatepetl in the State of Mexico are extensive and have long been 
Imomm. A large ani rich denosit occurs neax Cerritos in the State of San Luis 
Potosie At Venado in the same state is a emaller Ceposit. In Durango, at Los Cone 
jos, near Mapimi are deposits of sulphur of possible economic inmortance. The de 
posits of Lower California are on the northern part of the western shore of the 
Gulf of California, notably in the vicinity of San Felipe. Other deposits occur in 
the States of Pueblo, Vera Cruz, Chiapas, Guerrero, Michoacan, and Oazxaco. 


Brence 


France is nithout Imown deposits of native sulphur of commercial import-_ 
ance, althoush there is @ small occurrence of sulvhur in the vicinity of Baibaux 
end a small quantity of sulphur-tearing marl is mined in the departments of Bouches- 
du-Rhone and Vaucluse. The latter is fourd in a very imoure state, mixed with md 
in the sulphur marshes of these rezionse The production amounts to about 1,400 
metric tons annually. ee Se 


Mi scellencous 


Sulphur senasite also exist in Poland in the vicinity of Krakow and Sy"708- 
ywice; in Yugoslavia in the old province of Croatia near Radobojs in Persia near 
Misjed-i-Sukinam and near Semnan in the province of Semnan; in Greece on the island 
of Melos: in Attica on the Peloponessus and-in several islands in the Aegean; in the 
Shansi province in China; in Cyprus in the mines at Skouriotissas; on the island of 
Vanua Lava. in the New Hebrides; ae Eouadors in Peru: in Abyssinia and at White 
Island, New Zcaland. — at 


CHIEF DEPOSITS AND TECHNOLOGY OF PRODUCTION EMPLOYED 


UNITED STATES 


The chief producing deposits in the United States are those in Texas, 
operated by the Texas Gulf Sulphur Coe and the Freeport Sulphur Co» The Duval- 
Texas Sulphur Coe and Union Sulphur Co. are mucn smaller producers operating in the 
same field. The location of these Ceposits are showm on map in Figure 1. The Hum 
boldt Sulphur Coe is operating in a small way on a deposit in Nevada. Another small 
deposit is being operated in Utah by tne Utan Sulpaur Industries. 


Foexas Gulf Sulphur Cos : 


The Texas Gulf Sulphur Co. is mining sulphur at Big Hill Dome and at 
Boling Dome. | 


Big Hill Domes | 

Locatione~ The Big Hill Sulphur deposit of the Texas Gulf Sulphur Co. is 
located at Gulf, Rataeorle County, Tex. It lies about midway on the coast line of 
7923 | oa 8 we 
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the county and 1 mile from the shore of Matagorda Bay; 20 miles southeast of Bay 
City, Tex., and 80 miles southwest of Galveston, Tex. 


Productione- Production from this property started in 1919 and had amounte 
to something in excess of 7,000,000 long tons of sulphur at the end of 1928. At 
present this property is the ta reect producer of puree in the world, yielding ovez 
1,000,000 tons of sulphur annually. | | 


Character of the deposit.- Like other sulphur denosits in this district, 
that at Big Hill occurs in the cap rock overlying a salt domee The dome has a dise 
tinct salt-dome mound, a salt core roughly elliptical in shape with an east-west 
axis of about 4,000 feet and a north-south axis somevhat longer. This rises into 
Tertiary sediments, of which there is a thick cap above the salt. The main features 
of the dome are illustrated in Fizure 3, The cap rock which contains the extensive 
and immortant deposits of sulphur is composed of (1) a barren cap of limestone above 
(2) the sulphur barren zone chiefly of limestone which grades below into (3) a thick 
deposit of anhydrite barren of sulphur. 


- The suzvhur occurs in massive form in layers; as the , filline of irregular= 
ly shaped cavities which sometimes are several feet in diameters in little bunches, 
specks, and veinletss and in beautiful otthorombic crystals lining vwugse The color 
of the sulphur ranges from a bright canary~;ellow in both the crystalline and mass~ 
ive forms to dark brownish and greenish tints | in the massive form. It is all ex- 
tremely pure, and color is no indication of any eopsectatle. Rencenvecs of foreign 
matter. 


The sulphur is of later age than that of the anhydrite. It varies in _ 
thickness from 60 to 90 feet and occurs in a zone immediately below the limestone 
at depths of 870 to 1,215 feet. The sulphur content of this zone varies from 20 to 
) per cente Unconsolidated muds and sands lie above the limestone cap. It has 
been estimated that over 11,000,000 tons of sulphur are available in this devosit, 


_  ' Historye~ Fhe presence of sulphur in this locality was revealed in 1901 
by drillings for oil. In 1909 drilling of the dome for sulphur was undertaken: it 
resulted in the formation of the Gulf Sulphur Co., succeeded by the Texas Gulf 
Sulphur Coe in 1918. The Governuent furthered the develonment and equipment of the 
property because of the war demand for sulphuric acid and the possible shortage of 
sulphur, Construction of the plant was commenced in July, 1918. The first sulphur 
was broucht to the surface March 19, 1919, and at oe end of 1921 over a million 
tons of sulphur had been produced. 


Operationss~ The sulphur is aitaed by a rte of the Frasch process, 
the basic principle of which is the injection of large volumes of superheated water 
into the formations for the liquefaction of sulphur; this permits the pumping of 
liquid sulphur to the surfacee The process was developed by Dre Frasch from 1890 
fo 1903 on a similar deposit in Calcasieu Parish, La., which ceased to operate, due 
to exhaustion, in December, 1924, after produeine some 10,000, 000 tons of sulphur, — 


Ordinary oil-well equipment is used to bore holes to the bottom of the 
sulphur~bearing strata. Concentric pipes varying in size from 10 inches to 1 inch 
are placed in the holess A 10 inch or an 8 énch casing extends to and rests upon 
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the cap rock. Inside this casinz a pine of smaller diameter passes below the lower 
end of the casing, through the sulpiur-bearing stratum, and rests in the upper 
portion of the barren anhydrite. <A still smaller pire passes through the second so 
that an annular space exists between the twos; it extends nearly to the bottom of 
the sulphumbearing rock end rests on a collar which seals the annular space between 
the second and third pines. Finally, a 1 inch air pine, inside all the others, OX 
tends to a deoth slichtly above the collar mentioned abovee The second pipe is per. 
forated at two differens levels, one above ana the other belov the annular collar, 
The upper set of perforations pexmit escape of the hot water vnile the molten sul- 
phur enters tne sistem vanes the ane periorgtionse The well equinnent is illus. 
trated in Figure Le. ) | 7 oo. Se 


For éseratton: of the well, hot water is passec. down the annular space be- 
tween the second and third pipes. It discharges through the perforations into the 
porous formation near the foot of tne well.e. The region about the well through wmhict 
this water circulates is raised to a tomperature above the melting point of sulphur, 
Molten sulphur, being heavier then the water, males its way dovnward to form a pool 
arouna the base of the well where it onters through the. lower perforations and 
rises in the space between the third and fourth pipes. The neight to rhich the 
sulp! Tar rises between the pives is a consenuence of its specific gravity end the 
pressure in the ‘sorous fomnation established by. the. force.of the water produced by 
the pumps in the power plant and reauired to secure its entrance into the deposit. 
The height may be one=half or two—thirds of the deoth of the well. Compressed air, 
released at the bottom of the’centrél 1 inch pipe, rises and mixes in the sulphur 
column, the weight of:which is reduced by aerification thus producing an eir lift 
that raises the sulnhur to the surfacee At the surface the sulphur from ihe wells 
is collected in heated sumps at pumping stations from which it is pumped through 
well~insulated pipes into large wooden vétse The wooden vat alls are built up slov- 
ly and are kept only a few inches higher than.the sulvuur. When the vat is complete 
the wooden walls are renovede The sulphur is in a solid state and requires no 
support, The vats vary in size and are as much as 800 feet long, 200 feet wide, 
and 50 feet high.. They often contain over half a million tonse. The blpyck of sul- 
phur is drilled, broken down by blasting, and loaded into cars by a locomotive 
cranée Shirments to the Gulf Coast are made in open cars wnereas shipments inland 
are made in box tarse Sox cars iust be used vee coal~brrning locomotives because 
of ‘the fire heeerds | or ns ee ee ie oe ‘ee 


‘In. the speretton of this process tases snownte of Teter and fuel are 
necessary, The fuel used at this plant is natural zas which has replaced the crude 
oil orisinally used, though the crude-oil equipment is still held in reservee The 
water is brought in from the Colorado river by a canal 25 miles longe Feed water 
treatment is effected by the lime~soda processe The water for mining sulphur is 
. heated in mine water heaters bj; steam which is generated in a series of 700 horse 
power water-tube boilers. The water heated to about 330°F. is sent underground at 
.100 pounds pressuree The large amounts .of. « ater pumped into the ground collects in 

the sulphur formation because of the impervious nature. of the material above and be 
lowe The cooled water near the edga of the formation. is. drawn off through bleed 
wells practiéally as.fast as hot water is..forced down elsewhere. The bleed water 1: 
conducted through heat exchangers countercurrently to the feed water for the mine 
water heaters, in ordér to recover a good‘deal of tie heat.in the bleed water. The 
bleed water is not used’over again in the heaters or: ‘boilers ‘because of the impuri- 
ties it has collected in its passage through: the widerzrouhd strata; it is wasted 
into the Gulf. - 10 - (7923) 
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Future outlook.= The estimates of the amount of sulphur in Biz Hill Mound 
have varied from 8,000,000 to 11,000,000 tons. Production through 1929 has been 
over 8,000,000 tonse While this would indicate that the property is nesring de- 
pletion, it is velieved that a considsrable reserve remains yet to be mined. 


Boling Done: 


Locationes Boling Dome is located in the southeastern vart of Wharton 
County, Texe, about 60 miles west of Galveston and 50 miles southwest of Houstone 


Discovery of sulphur in quantity on Bolinz Dome Wes mede in March, 1927. | 


Productions» Production from the proverty was started in March, 1929, and 
in the first six months amounted to upwards of 150,000 tons of sulphur 


Character of the ceposit.- Boling Dome lies in a wooded tract adjacent to 
the San Bernard Rivere The dome, which is a typical salt dome deposit, is probably 
the largest ever found, being over 4 miles long in a north end south direction and 
about 3 miles vide, as determined by geophysical methodse The data obtained by an 
extensive drillin: campaign indicates that the deposit contains several times as 
mich sulphur as the devosit in the Biz Hill Dome, which has produced over 8,000,000 
tons to date. The approximate edzes & the deposit have been determined as closely 
as possible and the sulphur in the cdp rocic is found in the shape of a half moone 
It lies at depths of about 700 feet and deepere 


Operationse- It is said that upwards of $10,000,000 has been spent on 
the installation of a plant for mining the sulphur by the Frasch method. 


Water for the plant is obtained from the San Bernard Rivere On the river 
bans, @ pumping station of four units, each of 10,000 gallons per minute capacity 
and capable of working against a 65—foot head, has been erected. The cavacity of 
the pumping plant is actually much in excess of plant requirements, but is large 
énouzth to tale advantage of the seasonal variation in water supply by storing sur— 
dlus water in a reservoir. A 262 acre reservoir capable of helding 750,000,000 
gallons has been provided. Part of the water required for operation is converted 
into steam, waicn is then used to superheat the remaining water for extraction of 
tue sulphur and for supplying the steam lines used to keep the sulphur flowing in a 
molten state until it can be delivered tothe vats for storazee All water is 
os chemically by the Cochrane hot water process to remove scaleeforning imour- 
ties, 


To generate the larze amount of steam requirec to heat the water a power 
house containing five Babcock & Wilcox type water tube boilers has been erected. 
The boilers have a rating of 1,500 horsepower but may be operated continuously at 
200 per cent of rating. Four boilers will be in overation continuously, one being 
aeld in reserves In addition to the boilers, the power house is equipped with the 
necessary hot water heaters, air compressors, pumps, and electric generators recuired 
for plant and townsite purposese , - “3 * 


Natural gas ig available and is used, but to guard against the possibility 
of any temporary failure in the supply of natural gas, the boiler plant is equipped 
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so that fuel oib may be burned if desired. To store the supply of fuel oil rew 
quisite for emergency operetion, a tanle of 80,000 barrels capacity surrounded by a 
levee has been provided. The boiler installation is also designed to be easily 
adapted to the use of powdered lignite. 


The bleed water which is contaminated with hzdrogen sulphide and other 
impurities taken into solution is aerated and treated for their removal. The water 
is then conducted throush a ditch 20 miles long to tidewater. 


Thoveh this vroperty has been producing sulphur since March, 1929, no 
shinuents of sulphur have been made as yete 


Future outlooks Early in 1930, contracts were let for new acditions to 
the plant which will double the original boiler capacity. The additions also in- 
clude extensions to the water=treating plant, and water~heating equipment and pumps, 
and the construction of a second stack. | 


It is to be expected that this property, with its immense resezves, will 
soon become a major producers 


Freeport Sulphur Co. 


The Freeport Sulphur Co. is the operating subsidiary of the Freeport 
Texas Coe It operates at Bryan Mound and at Hoslins Mound and is the second larg- 
est sulphur producing company in the world. 


Bryan Mounds 


Locations The Bryan Heights Salt dome is located in the southern part of 
Brazoria County, Tex.,,1 mile from the Gulf Coast and 3 miles south of Freeport, Tex. 
about 40 miles southwest of Galveston, and 60 miles south of Houston. 


 Productione~ The Freenort Sulphur Coe started producing from this property 
in 1912 but owing to slight defects in the machinery the work ceased for some 
monthse During 1914 or 1915 work was resised with a greatly enlarged plant. To 
date, the property has produced over 4,000,000 tons of sulphur, 


Character of the devosgite- Bryan Mound is one of the structural domes 
characteristic of the Mississippi embayment which is evidenced on the surface by an 
actual mound. The cap rock, roughly circular in shape, with dierstar of about 1 
mile, contains the valuable deposit of sulphure ‘The sulphur occurs in pockets and 
cavities and as streaks impregnating gyosum in a formation including limestone and 
dolomite in which gypsum predominates. The sulphur-bearing formation has a thick 
ness of about 150 feet, it is overlain by 700 to 900 feet gravel, "gumbo," and 
"cap rock." Its bottom is usually 900 to 1 2990 feet below the surface. Below it 
there is gypsum and rock salt. Kirby Thomas4/ exemined 174 feet of sulphur~bearing 
core from well Noe 4, Gulf Development Co., beginning at a depth of 818 feet. This 
consisted of limestone, gypsum, and sulphur. He estimated that in this section 
there were 35 feet having less than 10 per cent sulphur, 85 feet from 10 to 50 per 
4/ Phalen, We. Ce, Sulpnurs Mineral Resources of the United States, 1912, Part II, 

U. S. Geol. Survey ,1913, De 9356 
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cent sulphur, 54.feet missin; due to friability. One-third of the 120 feet of core 
available was estimated to contain 20 ver cent sulphur or better. Beneath this © ~: 
there followed in depths Lime rock and pyrite, 8 feet: gypsum, 37 feet; lime rock 
and pyrite, 5 fects sandstone, 28 feet; and salt, 19 feet. The original estimate 
gave reserves of 17,000,000 tons of sulphur. at 


Hista ryen Attention was first called to Bryan Mound by Some Peckham, in 
a petroleum report of the Tenth Census, 1880. During the oil excitement of the yeaz 
1901, the J, M. Guffey Petroleum Co. obtained a number of leases around and on the 
mound and commenced drilling. The field was considered valueless for oil and was 
abandonede Other parties acquired the leases subseauently and attempted to drill 
for oil, but in e&ch case the operations proved fruitiess. During the course of 
this work the drill is reported to have vassed throuch large devosits of lime and 
gypsum showing considerable quantities of sulphur. These materials were encountered 
between 700 and 900 feet beneath the surface. 0 


In 1996 a company was incorporated to prosvect Bryan Mound for sulphur, 
It was asserted that sulphur had been found in every one of 27 test holes put down, 
and that about 300 acres had been proved to be sulphur—bearing to & worlablo degree 
Difficulties were encountered, however, in ebvatning: a right to mine under the Fra 
Frasch process patents then in forces 


About 1912 the property passed into the hands of Freevort Sulphur Co., 
and a plant was installed at a cost of $200,000. During the early part of December 
1912, sulphur was brought up for a few days, but owing to slight defects in the 
machinery, worl ccased for some monthse During 1914 or 1915 work was resumed with 
a greatly enlarged plante Bryan Mound has been a heavy producer ever since. 


Operationse The process of extraction ig similér to that described under 
Big Hill Mound of Texas—Gulf Sulphur Co., by which the sulphur is melted under-~ 
ground through the intdoduction of hot water into the sulphur~bearing formations.» 
Natural gas is used as fuel to heat the boilers which generate the steam for heat~ 
ing the mine water and for generating the power necessary to run the plant. 0i1 . 
was previously used and that equipment is now held in reserve. The large amounts 
of water necessary for the mining operations are brought in from the Brazos river 
ina canal. The water is treated for hardness. Heat exchangers transfer the heat 
from the bleed water from the formations to the feed water to mine water heaters, 


The character of the formations at this property make it necessary to re~ 
sort to midding operations in order to obtain a workable efficiency from the heated 
mine water. As the sulphur is removed from the formations huge cavities remain be- 
cause the character of the cap rock is such as to not permit any great subsidence 
of the unconsolidated formations from above into these cavities. As a result, the 
heated mine water escapes through these channels without circulating through the 
formation, In order to combat this, mud.is. dredged at the surface, put through 
Classifiers and machines for removing lumps and large pieces of material lilely to 
plug pipes, and the sludge is finally pumped underground. Its filling of open © 
cavities causes a more efficient circulation of the hot mine water, | 


The sulphur is run tnto vats as previously described and then loaded into 
cars, It is taken either to Freeport, Tex.,or to Texas City,.Tex. for transfer in- 


to ships. 
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About 1,000 tons of sulphur per day are being mined from this mound at 
present. = | 


Future outlooks While the production from this property to date has been 
about 4,000,000 tons and vrevious estimates have Indicated 17,000,000 tons, it is 
not generally believed that this property will attain a ‘total Srodaction anything 
like its original estimated content of sulphur, More. recent estimates give Bryan 
Mound a remaining reserve of 1, 256 »779, tonse 


Hoslins Mound? 


Locatione= Hoskins Mound is in the southeast part of Brazoria County, 
fexe, about 14 miles northeast of Bryan Wound and about 25 miles west of Galveston, 


FeXe 


Productiones This vroperty did not come into production until 1923, but 
since then its output has averaged nearly 300,000 tons per year, At present it is 
one of the most imoortant producers of sulphur in the world, being suspassed only 
by the Big Hill Dome of Texas Gulf Sulphur C06 


Character of Denosite~ The character of the deposit closely resembles 
that of aes Mound, previously described. © 


Historye~ Between 1900 to 1905 o11 prospecting disclosed the presence 
of rich sulphur strata at Hoskins Mound, the sulphur ranging in depth from 800 to 
1,500 feet. Before operations started, drilling had shown a minimum of 6,000,000 
tons of recoverable sulphur, but further drilling raised the estimate to 11,000,000 
tons of sulphur with only about half of the dome area drilled. 


Operetionse~ Sulphur 1s produced at Hoskins Mound by a variation of the 
Frasch process, mudding operations similar to those described at Bryan Mound are 
used to fill the underground cavities. T:c main source of water supply is Austin 
- Bayou about 5 miles from the mound. Large reservoirs afford an adequate reserve 


of water. The water is treatéd for the removal of scale~forming and corrosive 
substancese The production at present ranges from Ty ci tons to 1,500 tons per 


d2y'e 


® 


Future outlooke= This is a comparatively new property with extensive re- 
serves, and it is probable that it will continue to be a major sulphur producer 


for some timée 


The Duval~Texas Sulphur Con | 


The Duval Texas Sulphur Coe is a new operator and is mining sulphur at 
Palangana Dorie. | . 


Palangana Dome: 


| Locations Palangana dome is in the lower Gulf Coast region and is more 
than 100 miles west and south of the deposits in the vicinity of Houston, Texe 


7925 ae 14 6 


Ie Co 6329 


It is 6 miles from Benavides, Tex. , in the east central part of Duval County, or 
about 110 miles due south of San Antonio:. and about halfway between Laredo, and 
Corpus Christi, Tex. 


Productions ee of sulphur from this dome started in November, 
1928, and to cate has been small. More recent additions to the plant have increased 
its capacity. The production in the later part of 1929 amounted to about 150 tons 


per day. 


Character of the deposit.~ Palangana has the heranierisic structure of a 
salt domee The salt core is approximately circular in outline with a diameter of 
1,100 feet; it has a flat top covered by a cap rocle which extends well down the 
flanks dipping steeply away from the salt core. A generalized section through the 
cap rock is as follows? . 

Feet 

Limestone, calcite, clay and shalé ...«... S=<0 

Limestone, calcite, clay, shale and sulphur 325 
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The sulphux~bearing stratum is generally found at depths between 400 and 500 feets 
it is thin but riche 


Unlike most other salt domes of the Gulf Coast region, the surficial ex 
pression of this dome is a circular ring of low hills surrounding a central basin. 
The diameter of the floor of the basin is 8,000 feet, and the diameter of the ring 
cf hills, which rise 50 to 80 feet above the floor of the basin, is 15,000 feet. 


Little is known of the reserves and resources of this property and no 
drilling has been done on the flanks of the dome, but it has been estimated recently 
that this property contains between 500,000 and 1,000,000 tons of sulphur. 


Historye~ Palangana dome was discovered in 1916 by the Empire Gas and Fuel 
Co. during a search for oil. In 1923 a shallow test well on top of the dome dis-~ 
closed considerable sulphur. In 1924 the Texas Gulf Sulphur Co, drilled 25 tests 
and the Union Sulphur Co. 3 tests for sulphure 


Operationse~ The Frasch method is used with certain variations due to 
pecullar conditions. The water for their operations is obtained from wells in the 
vicinity and stored in tanks holding only 24 hours supply. The nature of the ground 
will not permit the large open reservoirs which are characteristic of other sulphur 
operations. Gé@s is burned under the boilers after having been used expansively in 
the pumps to supply water to the plante The bleed water is pumped over the rim of 
hills into a pond where seepage and evaporation are about equal to the bleed water 
ae into the ponde The plant is connected by s spur track to the Texas-Mexican 

way Co6 


Future outlooke- This mine is a relatively small operation, and is more or 
less in the experimental stage at present. As the property has not been thoroughly 
Grilled the oxtent of the deposit is not known. The Peeoce piant and Saueetent 
will not permit extensive productions | 
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Union Sulphur Cos 


At one time the Union Sulphur’ Co. was the largest producer of sulphur in 
the world, but recently it has been of minor importance ,due to exhaustion of its 
sulphur salt dome in Calcasieu Parish, La. It wes at this property that Dr. Hermann 
Frasch worked out his method of mining in the decade ending 1903. fFhis property 
yielded nearly 10,000,000 tons of sulphur before exhaustione 


In 1928 the Union Sulphur Co. started eeccubtice at & small tract on 
Boling Domes No shipments have becn made, and production to date has been small, 
Recently the company was involved in liti; ation with the Texas Gulf Sulplur Co. and 
failed in an endeavor to cancel leases to land it had given to the Texas Gulf Sule 
phur Coe on Boling Dome. 


ITALY 


The most important sulphur deposits in Italy are found on the Tsland of 
Sicily, but, deposits of economke importance are found also on the mainland, ner 
ly in the Romagna. 


SICILY 


Location.s= The Sicilian sulphur bearing belt, averaging 8&5 miles in width, 
extends from Movnt Etna on the east to Gergenti on the west, @ distance of more thar 
100 miles. The center of the industry is at Caltanieetta. 


Productions Sicily produces annually ovex 200,000 tons of sulpiur and is 
the second most mony important sulphur-producing district in the worlde . 


“Giawaeben of the Depositse- The sulvhur of Sicily is found chiefly in an 
argillaceous limestone associated with gypsum and bituminous marl, Its structure 
is coarsely crystalline but usually compacte The sulphur~bearing-rocks occur in 
the form of imiense lenses rather than as. extensive bedse The lenses..are of 
variable thickness and richnesse Within the sulphur-bearing layer proper the 
sulphur occurs either in the form of irregular incrustations and small pockets, in- 
timately mixed with limestone, or in thin bands (1 to 2 millimeters thick). inter- 
laminated with country rocke The color of the sulphur is usually brown or brownish 
gray, and occasionally is light yellow. The darker color is usually due to the 
intimate mixture of bituminous substances. The minerals associated with: the crysta’ 
line si tial are chiefly celestite, Breeoneyes calcite, and eyes : 3 


While most of the earlier theories laid aaoeued stress upon. the direct 
influence of volcanism on tne deposition of sulphur, it is now universally accepted 
that the sulphur is a result of the oxidation of Ho§, and this has caused the theor. 
of bacterial reduction to be given serious consideratione 


‘ The sulphur content of the deposits in the western part is ndt as great & 
toward the central part, Richer deposits generally have 15 to 20 per cent sulphur, 
a few as much as 50 per cent, and in places 80 to 90 per cent material is founds 
Workable deposits carrying up to 40 per cent sulphur are considered as limestone im 
pregnated vith sulph@r and above 40 per cent as brimstone (more or less pure sulphu 
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fhe mines are concentrated in groups where richer ore renders the expense 
of extraction ‘leaste Individual beds vary in thickmess from’ 3 to as much as 160 
feet, but average about 10 feet. Most of the mines are not deep, though a number o: 
them are boinz worked to depths of 800 to 1,000 feet or. moree 


The reserves of sulphur in Sicily are still very extensive. 


History. Sulphur has been produced commercially in Sicily for several 
hundred yearse In 1838 @ monopoly of the Sicilian e:zwoort trade in sulphur was 
placed in the hands of a French company (M.M. Taix et Cie, Marseille), which nearly 
tripled the price of sulphure This increase in price forced manufacturers of sul- 
phuric acid to use iron pyrites as their source of sulphur. As a result the Sicil- 
1an producers lost all of this trade, wnich. the; have never been able to regain. 
Then followed the withdrawal of the French rronopoly with the subsequent reestablish- 
nent of the old price or about $25 per ton of ‘sulphur. — 


In 1°90 there was developed in England the Chance~Claus process for the 
recovery of sulphv: from the alkali waste of the Le Blanc soda process, Advantaze 
was taken of ti.s uossibilities of this process to cause internal competition among 
Sicilian producers, which resulted in a drop in the price of sulphur to $11, out of 
which came an export tax of $1.95 per tone. This state of affairs continued until 
1896, and the Siciltan laborers were on the verge of starvation and revolution. 
British and Sicilian intersts then combined to form the Anglo-—Sicilian Sulphur Co. 
whose control of the industry resulted in fair and satisfactory prices to both con~ 
sumer and producer, and a period of prosperity succeeded in Sicily. 


fhe successful application of the Frasclr process to sulphur deposits in 
the United States gave another setback to the Sicilian industry. United States 
sulphur soon supplied the extensive American marixet and invaded that of Europe. Thc 
Ttalian Gove.nment therefore exempted sulphur from taxation in 1905 and financed thc 
Consorzio Obligatorio per L'Indust-4a Solfifero Siciliano of Palermo (Compulsory 
Consortium for the Sicilian Sulphur Industry, conmonly referred to as'the Consorzio 
or Consortium). It replaced the Anglo-Sicilian Co., and was charged with the sale 
and regulation of the production of Sicilian sulphur. The rights of this Government 
syndicate expired in 1918 but wes extended for enowher 12 years. 


In 1907 an agreement between the Union Sulphur Coe and the Sicilian in. 
dustry assizned. the United States market to the former and the Mediterranean mar‘cet 
to the latter, but two new American producers found themselves able to sel sulphur 
in Sicily more cheaply than it could be produced there. Decreased Sicilian sales of 
sulphur led to an agreement between the Americen ah Sicilian sulphur producers in 
theSpring of 1923. The agreement, which applied only to unrefined sulphur, assigns 
North America to the American producers, Italy to the Sicilian producers, and the 
Temainder of the World proportionately detween the two, with the provision that 
Sicily may sell to any country a maximum of 65,000 tons for the manufacture of sul-~ 
Pmric acids The agreement permits Sicily to export anmally a total of 210,000 
tons, including the 65,000 tons for sulphuric acid manufacture. It was to be valid 
until September 30, 1926, but it is understood that it continues in effect. Pro- 
vision was made that dissolution may not occur during the sulphur selling SeA80Ne 
Recently it was announced that the cabinet of the Italian Government has apnoroved a 


bill extending the Sicilian sulphur consortion to 1940. 
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Probably the most important event in the recent history of the Sicilian 
sulphur industry was the agreement reached by the sulphur Consortium and the Soc- 
iety of Sicilian Sulphur Refineries in 1925. The terms of this agreement have 
been summed up as followss 


The Consortium is to share equally with the refineries in the net profits 
derived from the sale of the refined product, but is exempt from contributing any-~ 
thing in the event of any loss from that end of the businesse The Consortium does 
not contribute any capital and therefore is not converned with the kinds of refined 
sulphur produced, but is indirectly connected with the selling end of these refined 
products and shares in the profits. The Consortium has full power relative to the 
movement of crude sulphur, but is bound to sell only to the refineries belonging to 
the Society of Sicilian Sulphur Refineries, and the latter are bound to refine only 
sulpnur furnished to the Consortium. The crude sulphur is to be paid for according 
to prices published by the Consortium and not, as previously, on a basis of the 
cost of production at the mine, which was always varied according to the location 
The principal advantasea to the Consortium are, therefore, an exemption from assess~ 
meht in case of loss anf an equal shore in any not profits resulting from the re~ 
fining operationse The advantages gained on the part of the refiners are those 
emanating from closer cooperating with the extractive end of the indust:y on a 
more certain basis upon which to worl in carrzving on refininge | 


It was evident that Sicily, with its antiquated methods of production, 
could not meet United States competition, and it was thought that the industry 
could not be placec on a paving basis unless the heavy burden of the "Estagliot 
system of operation was removede Under the "Estazglio" or royalty move of operat- 
ing the sulphur mines the otmmers obtained royalties from their concessionaires 
varying from 30 to 70 per cent of the total annual yield of the mines. Tuiese 
royalties were paid in kind. This division of the profits did not tend toward in~ 
creased productione Accordingly, in 1927, a law was enacted mown as the Beluzzo 
law. The operation of the law implies a complete reversal of the existing s7stem 
and contains two interesting innovations -thich affect not only the sulphur industry 
but property rights in general. Under ‘the old mining legislation the ommer of the 

‘surface also owned the subsoil. In Sicily the landovmmers rarely worlzed the mines 
themselves, but leased the subsoil to the mining companies and collected huge roy~ 
altiese Vast tracts were held by absentee landlords, who contributed practically 
nothing to the economic life of the country but realized large incomes from their 
mining royalties. The new law practically dispossesses these landowners of their 
subsofl rightse Although the Government has not issued any decree or law formally 
attributing the subsoil to the State, Beluzzo in his revort stated that the new 
mining legislation is based on the »rinciple that the subsoil forms part of the 
State demesne. That is, mining concessions may now be given only by the Govern-— 
mente. The owner of the land is preferred as a lessee if he has the means and cap- 
acity to operate the mine, otherwise the Government leases the property to whom it 
sees fit. The owner of the land will no longer receive royalties or %28;" compensa~ 
tion beyond the actual value of the surface; nor will the Government collect roy~ 
alties from mine operatorse A nominal fee of 5 lire per hectare is all that the 
State receivese Mining conéessions may ‘be given in perpetuity and may be inherited. 
Existing concessions are alléwed to stand unti] the expiration of the contract, and 
therefore the full effect of the new legistation will not be felt for a year or two: 
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In the meantime, however, the royalty percentage peyable on existing contracts was 
in every case reduced by one-third. 


The present tendency in the Sicilian sulphur industry is to close dovm 
the smaller mines. During 1926~1927, 293 mines were worked, but during 1927~1928 
only 247 mines were: workeds Smaller mines using antiquated and uneconomical meth~ 
ods are being weeded oute The greater part of the remainde> will consolidated in 
the hands of larger’ and well-equipoed mining companies. Improved organization of 
the industry is resulting in reduced production costs and improved quality. The 
immediate result of the new system will probably be a falling off of production 
during the transition period. This declining tendency in the Sicilian sulphur in-~ 
dustry is reflected also in the smaller number of people enzaged in it, which at 
present is only 10,000 as compared with 40,000 a few years azo; this is partly 
attributed to the use of electricity and modexn machinery at the mines. 


OQperationse~ The methods of mining Sicilian sulphur are very simple. As 
the island is mountainous, tunneling into the hillsides is commone Most of the ore, 
however, is mined through shafts, both inclined and vertical. Some properties have 
modern hoisting .-chinery and trams. In others steps are hewn in the rock of the 
shaft and the suljnur ore is carried to the surface in basketse Until declared il- 
legal, a large number of boys were used in most of the smaller mines to carry the 
sulphur to the surface, Explosives are used in many of the mines, but the mtmost 
caution must be taken to prevent fire. Timber supports are never used in these 
minese 


Sulphur is oxtracted from the ore by (1) burning part off the sulphur in 
mounds called calcaroni (2) by burning part of the sulphur in Gill regenerative 
kilns (3) and by means of retorts heated with superheated steam. In the calcaroni 
system sulphur ore containing not less than 15 per cent sulpnur is built into a 
mound, 9 feet high, over a circular floor about 60 feet in diameter. The ore is 
covered with fine residue material from a previous mounde fuel is used to start 
coubustion, but the sulphur is melted partly by the heat of its own burning. Beneatk 
the heap, the sloping floor has compartments in which the fused sulphur collects and 
solidifies into bricks weighing about 100 pounds eache A recovery of about 60 per 
cent is possible, but the escaping sulphurous gases case destruction to the vezgeta~ 
tion in the district. 


Since 1880 the Calcaroni system has been more and more replaced by the 
cell ovens or regenerative furnace introduced by Robert Gill. The Gill Kiln consist 
of a series of circular chambers connected by a system of fluese The cells are 
worked together in series; usually four or six cells form an anguler or ringeshaped 
battery. Each cell contains from 5 to 30 meters of oree The first cell holds a 
fresh charge, and the last the residue of a former fusione Air enters the chamber 
containing the residue, becoming thus reheated; it enters through the connecting 
flue into the next kiln, where some sulphur is burned and the heat evolved melts 
most of the remainders The het gases then pass through a third and sometimes a 
fourth kiln heating the charges in those chambers and condensing any sulphur. The 
gases heavily charged with sulphur are not lost as in the calcaroni method; the 
yield is much larger; the time shorter (three or four days for each cell); and as 
the quantity of smoke is much less the work can be continued almost all the year 
Tound without danger to cropse Other advantages are those accruing from easy rezu- 
lation of combustion and the operation of a continuous processe The Gill kiln, with 
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further improvements and modification under the name of' Salfilippo, has increased 
the yield of sulphur from one to as much ag 80 per cente 


By employment of superheated steam the recovery has been increased in the 
Romagna to 90 per cent, but the great scarcity of fuel has orevented its extended 
application in Sicily. The proceecs is simple. The ore ‘is brought from the mine in 
1.ton cars with perforated bottoms and placed in a boiler. Steam under a pressure 
of adout 60 pounds per square inch is let in, which causes the sulphur to melt and 
drop throvgh the nerforations in the bottom of the car. It collects in the bottom 
of the boiler and is draim off. In 1927 61 per cent of the sulphur produced in 
Italy was won from the ores by the Gill furnace, 30 per cent ia the Calcaroni pro~ 
cess and 8 per cent by Ateam recovery mennogr. ug 


The sulphur as first obtained by simple melting out from the ore is far 
from pure and quite useless for meny purposes, ovt most of the impurities, amounting 
to 3 or 4 per cent, may be removed by distillation or sublimation. 


Future ovtlooke~ Sicily has extensive ore reserves, and with the use of 
improved mining iz methcds and modern niining machinery its costs should be materially 
lowered. Lower royalties ana’ Génsolidation of the smaller properties may effect 
further economies 80 that in the future the production from — is likely to 
increase e 


= ~ MATNLAND 
Most of the eee aahicel in Continentel Italy < cones from the mining 
district of Bologna in the provinces of Emilia and The Marches. Production from. 
this district is now estimated at 100,000 tons. | 


The sulphur deposits of The Marches and Emilia are very similar to the 
Sicilian deposits as to their occurrence, crigin, and mineral conterts. The methods 
of mining and extraction of sulphur from the ores are also similar to those used in 
Sicily. In this district superheated steam has teen used and found very effective 
in extracting sulphur from orée | | 


The mining district of Napoli in Campania produces the remaining continen- 
tal production. Most of this procuction is not extracted from the ore but is a 
and sold as "macainato" sulphur or crouae cruce sulphur rocke 


The procuction of ewe from the naeeend of Italy is becoming more and 
more important. 


JAPAIT 


Although most of the Islands in the Japaneses empire have deposits of sul- 
phur, the commercial deposits are largely located in Hokkwido, which furnisheé about 


85 per cent of the productions | 
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Jepan produced 59,660 metric tons of sulphur in 1929 and has been the 
third most important producer of sulphur in the world for the last quarter century. 


Character of Deposits 


Occurrences of sulphur in Japan are of the solfatara type; some of them 
are beds formed in old solfatara lakes and have more or less circular boundaries. 
The thickness of the deposits sumstimes exceed ICC feet, but their horizontal ex- 
tensions are comparatively small, The occurrence of the sulphur is not uniform in 
the various districts. In some localities large masses of sulphur are found covered 
with volcanic lava, in others. it occurs mixed with ciay. At Iwaoto there is a de- 
posit of precipitated sulphur and another consisting of intrusions of fused sulphur 
ina sandy beds The deposit at Horobetsu shows a continuous vein of oe se ca 
in ane noe of irregular eon . 


Only the richer ore, containing 30 to 60 per cent of sulphur, is mined; 
it 1s refined up to 99 per cent or botter. 


The sulphur is mined both by open-cut and underground mining methods; it 
lg recovered by sorting, crushing, drying, distilling, and moulding. Because of 
the volcanic nature of tie’ island it is probable that extensive reserves of sulphur | 
are availablee . | 


Little is kmown of the history of sulphur mining in Japan, excent that it 
has incrcased steadily and with only moderate ea CEUueene since the restoration. 


It is probable that Japan will continue in its position as the third most 
important producer for some tine to comes 


PRODUCTION 


| Almost all of the sulphur vroduced in the world comes from the United 
States, Italy, Japan, Chile and Spaine The relative taport ence |. of their outouts 
since 1900 is shown in Table 1. Other countries produce/ aitaér directly from ore — 
or as a by=oroduct in chemical operations. The figures for such production are not 
available nor is there a suitable basis for estimating its amount, but it is believe 
to be small, probably well under 5 per cent of the world production. The widespread 
occurrence of sulphur in its native state renders it easily available, and unimport- 
ant production probably take « place for local or inmediate consumption in districts 
where no records are lept. 


A constantly increasing trend in sulphur production is noted by ref: rring 


to Figure 4, which shows the sulphur production of the world and of the three lead~ 
ing producing countriese 
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Table 1. — World Production of Sulphur, 19001929. 
(In long tons) 


United.  Potal 3/ 

States 
1900 3,147 535,525 555, 282 
1901 6,867 554,203 597,994 
1902 7,446 530,913 559,394 
1903 35,097 545,005 607,772 
1904. 85,000 519,231 633,529 
1905 220,000 559,942 808,223 
1906 295,123 491,920 — 820,142 
1907 188,878 420,229 648,324 
1908 364,444 | 438,279 841,217 
1909 273,983 428,189 746,301 
1910 247,060 | 423,563 721,312 
1911 205,066 | 407,520 673,023 
1912 787,735 | 883,300 1,233,607 
1913 491,080 | 380,209 943,721 
1914 417,690 371,875 880,292 
1915 520,582 | 352,451 963,201 
1916 649,683 265,120 ° 1,044,615 
1917 11,134,412 208, 501 1,489,605 
1918 |1,353,525 | 230,596 1,679,654 
1919 {1,190,575 | 222,555 1,492,835 
1920 [1,255,249 | 259,440 1,578,993 
1921 {1,879,150 | 269,547 2,199,397 
1922 {1,830,942 154, 696 2,054,818 
1923 | 2,036,097 252,293 2,544,797 
1924 |1,220,561 290,241 1,575,934 
1925 11,409,262 259,428 1,732,440 
1926 |1,890.027 267,107 2,222,292 
1927 |2,111,618 300,888 2,495,245 
1928 | 1,981,873 291,430 2,367,881 
1929 | 2,362,389 | 4/323,000 2,770,107 


1/ Greggio sulphur. es 
“2/ Does not include sulphur ores 
3/ Does not include ecattered production throughout the world which ig probably weil 


under 5 per cent of total. 
4/ Estinate. 
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The figures for Italy shorm in Table 1 and Figure 4 are not directly 
comparable with the United States and other couhtriese The commercial sulphur of. 
Sicily contains from 2 to 11 per cent of impurities and is known as "rreggio" which 
is graded as "best unmixed seconds," "best unmixed thirds" and “current thirds." 
The refined Sicilian sulpnur know as "raffinite" is vresumably mde from greggio 
sulphur, Some of the rich sulphur ore (ever 40%) is sround and marketed as 
"Minerale di Solfo Maccianato®. The amount of this material produced is small, it 
is largely used locally, and the sulphur content {is not Imowne The production of 
this class of material is as follows3. a 


) 


Year Long tons Year Long tons Yoar Long tons 
1900...» 24,147 1910...2 20,961 1920.... 31,983 
1901.00. 20,412 1911.... 17,133 | 1921.... 28,405 
1902.... 19,684 1912.00 18,125 L922. eee LB, 547 
1903..+0 17,125 1913... 19,779 L92Seeee 9,516 
1904.66 24,507 1914e.060 £0,309 | 1924.6.-6 21,948 
1905.... 24,726 1915.... 21,783 1925.... 26,821 
1906.... 28,322 1916.... 18,297 . 1926.... 33,088 
1907.0-+ 19,160 1917... 17,988 L927. ees 23,487 
1908.00. 18,611 1918..+- 18,792 | 1928.... 31,051 
1909... 19,204 1919.... 28,729 1929.... Not available 


The vrocuction of ae gad in Italy as show in the table is for greggio sulphur 
only. | , —_ 


Japanese Susdustion figures as shovm in the table do not include the 
production of sulphur oree Since 1914 there has been a continuous output of this 
class of material. The sulphur content of the ore is not mom, but it is pre- 
sumably smell because of the relatively low value per ton compared with the value 
given for sulphur. The production of sulphur ore in Japan since 1914 followss 


Year Long tons Year Lonz tons 

1914 ...6 8,696 1922 .... 41,424 

1915 .... 16,901 1923 .... 35,749 

1916 .... 21,148 : 1924 .... 50,892 

1917 .... 13,364 1925 .... 42,820 

1918 .... 20,816 1926 .... 46,545 

1919 .... 16,603 1927 .... 16,505 

1920 .... 27,725 1928 .... 13,109 

1921 .... 30,147 1929 .... Not available. 


More than four times as much sulphur was produced in 1928 ag at the 
beginning of the century. In 1912 the rapidly increasing United States production 
passed the decreasing Italian production and has since been the dominant factor in 
the world output. The recessions in United States production in 1922 and 1924 were 
due to curtailed operations by one of the larger producers becuase of excess eulphy 
stocks above ground. This is also reflected in the world's production curve. 


Italian Seromucelon has slowly declined, whereas the Japanese production 


shows @ pronounced rise during the war period of 1916 and 1917. 
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WORLD RESERVES AND RESOURCES 


Enormous quantities of suiphur exist in the earth's crust. Clarke 5/ has 
estimated that it amounts to .06 br 1 per cents but a large part of world reserves 


can not be estimated with precision. 
56,000,000 to 121,000,000 metric tons. 


of an immediate scarcity in the supply of sulphure 


Esti-ates of world reserves varv from 
It is apparent that there is little danger 


The two countries with the largest reserves are Italy and the United. 


States. 


Italy is estimated on a most conservative basis to have reserves of 


25,000,000 metric tons, and.on a more liberal basis its reserves are estimated at 


84,200,000 tonse 


of sulphur without allowance for recent discoveriese 
United States are not included in these cstinates, such as those of Culberson 


County, Texe, where an immense tonnage is reported to existe 
have commerciél possibilitiese 


The texas deposits proboably contain in excess of 40,000,000 tons 
Many other occurrences in the 


Some of them probably 


Chile is reported to have in the provinces of Tacna 


and Antofagasta sulphur reserves anowuiting to 5,530,C00 metric tons with grades 


ranzing from 70 to 96 per cente 
The grades run from 15 per cent to 30 per cente . 


to 1,750,000 metric tons. 


Své@in’s reserves as estimated range from 525,000 


Japan 


probably hes several million tons of 50 ver sent sulpuur Ore 


USHS, MANUFACTURES. AND SUSSTITUTES 


Sulphur has a wide range of imvortant uses and enters as a minor factor 


in an enormous number of industrial products. 


The chief producing companies in the 


United States are continuelly investigating new outlets for their product and new 


uses are being addede 


The following list of uses and industries employing sulphur, 


vnile not complete, indicates the numerous demands BupEased by sulphur and its con 


poundss 


‘Inéustries and products in vhich sulphur is employed © 


Alcohol 

Alum 

Aniline 

Artificiel fertilizers 
Artificial silk 
Beltings 

Binders 

Bleaching agent _ 
Celluloid ot 
Cements 

Ghemicals 

Dyes 

Ebonite | 

Elastics 

Explosives 

Fabrics 

Fire extinguisher 
Firevorks 7 
Food Preservatives 


e . 


Fumigant 
Fungicice 
Glass 
Giue 
_ Glycerin 
- . glluminant 
Inorsanic or organic acids 
Insecticides 
Laboratory reagent 
Leather 
Liquid fuel 
Livestock food 
Lubricants 
Matcnes . 
Medicine 
- Metallurgy 
. Motor fuels 
Moving-picture filns 


Paints 
Paper 


- Paper bleaching 


Petroleum prcducts 
Photography 

Plastics: - 

Poison 

Refrigerating reazent 
Rodent exterminator 

Rubber hose, tires, and other 
_ rubber goods 

Shoe polish 


Soap 
Soda 


Soivent 


Steel pickling and galvan- 


izing . 
Storage batteries 
Sugar - 
Tanning 
Textiles 


i Clarke, Frank Wigglesworth, The Data OF ‘Geochauietss U. S. Geol. vey Full. 


770, 1924, De 366 


I. Oe 6329 


For many of these uses native sulphur competes with pyrite as a raw 
material for sulphur, as roasting of pyrite readily produces sulphur dioxide. In 
sulphuric acid manufacure the saving of freight is often a detexmining factor in 
the choice between pyrite and sulphur. About 40 per cent of the weight of pyrite 
becomes available for the production of sulphur dioxide, while from brimstone 98 
per cent is available. Brimstone also has an advantage in requiring less grate 
area for burning and avoids the problem of disposal of residue such as the iron 
oxide residue from pyrite. In some cases pyrite can not be used because of the 
presence of small quanzities of arsenic. For this reason brimstone acid is employed 
in the manufacture of medicine, fcod.stuffs, and some chemicals. A considerable 
apount of sulphuric acid is made as a by=product in the smelting of metallic sul- 
phidess the gases from the roasting operations are conducted to plants for the man- 
ufacture of sulphuric acid. 


Sulphuric Acid 


The most important use of sulphur in the United States is in the manv- 
facture of sulphuric acid. The process of its manuvacture includes the oxidation 
of sulphur (S) to sulphur dioxide (SC2), the conversion of sulphur dioxide (S02) to 
sulphur trioxide (S03), and the uniting of sulphur trioxide (S03) with water (H<0) 
to form sulphuric acid (H5S04). 


The oxidation of § to SOo is accomplished by various types of burners bot 
hand fed and mechanically fed. In the United States the mechanical burner is favor 
and is usu@lly of the rotary type. A new type of burner in which the sulphur is 
melted and sprayed into the furnace has been developed. Two methods are employed 
in the conversion of sulphur dioxide (S02) to sulphur trioxide (S03); that is, the 
chamber process and the contact processSe 


In the chamber process the conversion from sulphur dioxide to trioxide 
is accomplished through the useof nitrous oxides This with dilute sulphuric acid 
is permitted to trickle down through the packing of what is known as a Glover 
tower. Sulphur dioxide gas from the burners is led up through the packing of the 
tower and thus comes into intimate contact with the nitrous oxide to form the tri- 
oxide. The trioxide then passes from the tower into large lead~lined chmabers in~ 
to which steam or fine sprays of water are introduced. Sulphuric acid is formed 
from the interaction of water and sulphur trioxide, and condenses in the chamber, 
The wastegases from the chamber pass up through the packing of still another tower 
named after Gay-Lussac, where the unused nitrous oxide meets and is absorbed by a 
descending stream of weak sulphuric acid. The mixture of weak sulphuric acid and 
nitrous oxide is then used in the Glover towere 


In the contact process the oxidation from S0g to S03 is accomplished by 
means of a catalyzer, a substance that increases the velocity of a chemical re~ 
action without itself entering into the combination. Finely divided platinum is 
generally used for this purpose} due, however, to the high cost of platimm, other 
catalysts have been sought, abd among them the catalytic action of vanadium and its 
compounds have been investigatede A new contact mass which uses no platinum is 
the invention of Dre Jaeger and is described in U. S. Patents 1,675,308 and 
1,678,309, dated June 26, 1928; and U. S, Patent 1,694,123, dated Deca, 4, 1928, 
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These complex base exchange contact masses contain vanadium as one of the.cata. 
lytic elements, and it is claimed that they exceed in efficiency the best commercial 
platinum catalysts. This catalyst is also wmaffected by peisons which hinder or 
retard the action of platinum catalysts. “telce2$/claims that "within the next. 
decade platinum catalysts for sulphuric acid will be abandoned." Plants constructed 
and under construction at the end of 1929, using the new vanadium contact mass, are | 
stated to have 300,000 tons eve capaci tYe | | 


In 1929 205 pal eiGeic acid plants of the cnamber type and G2 leit of 
the contact trpe were in operations Tue followirg table (Table 2) published by 
Chemical and Metallurgical Enazineering 7/ shows the distribution of these pene in | 
the United Statese : , | ie es con, “me 


6/ Nickel, Le Fe, New Vanadium Catalyst for Sulphuric Acids: Chen. perl Mete Enge, 
vole 25, Noe 3, March 1923, pe 153.. 

7/ Chemical and Netallurgical Ensinasring, Sulphvric Acid Plants in the United 
States: vol. 37, No. 1, January, 1930, ppe 50-51. 


toes 
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Table 2.~ Sulphuric Acid Plants in the United States 1/ 


Per centé | Per cent2 


Company Location Type U. Se Ue. Se 
Production | Consumptior 
Estimated)! (Estimated 
ATARAUA vos TOUEL: Gc coded dein abides Cac dkewawes | | 366 
American Agricultural 
Chemical Cos 4 ¢s/ss ne wedew aw ans Montgomery x 
du Pont de Nemours & Co.,HeI. | Minerei Eprings 
Farmers! Fertilizer Coe. ..... .| Montzomery x 
Home Guano Coe o.c..-eeeveeeee}| DOtHan x 
Jefferson Fertilizer Co...... -| Bessemer x 
Planters’; Chemical & O11 Co. | Talladega x 
“Roamoke Guano Coe o......-see- Roanoke x 
Royster Guano Coe F. Se ......| Birmingham x 
Standard Chamical Co. o....... Proy x 
Steel Cities Chemical Co. ....| Ensley x 
Birmins7am x 
Dothan x 
Virginia Carolina Chemical Coe] Yobile x 
: | Opelika x 
Selma x 
ARIZONA = Total .........0c00e ‘ 0.22 
Apache Powder Coe weree-eceeces i 
Calumet & Arizona Mining Co. 
BRANSAS: ease dacladaaws seeders 3/ 0.10 
southern Acid & 
SW HU COs: aie xicinsnw dro eu ewes .| Augusta x 


l/ This table has been corrected according to information published in the March 
issue of Chemical and Metallurgical Engineering and information obtained from 
correspondence. 

e/ Production and conswiption percentages are recomrendec for comparison purposes and 
rough calculations only. Although these estimates are believed to be correct 
within 10 to 15 per cent, reliable sources for these data are not available, 

3/ Production percentages for states having two or less sulphuric acid plants are 
lumped in the undistributed total. 


Notes: This tabulation of sulphuric acid plants in the United States represents, so 
far as is know, the first comprehensive list of the type to be published, 
It is realized that errors will, in all likelihood, be present in spite of 
the effort which has been made to check and recheck the list with all avail. 
able sources for this informatione Chem. & Met. will avvreciate information 
regarding any corrections that should be incorporated in similar tabulations 
Which may be published in the future.-—Hditore 
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Table 2,4 Sulphuric Acie Plants in the United States 1/(Conta) 


Per cent2| Fer cent2 


Location Type U. Se U. §. 
id ; = Production! Consumption 
| | Chanmbex| Contact! (Estimated (Estimated) 
CabUPORNTA POCO): wed dstsaweusloe eee es 5 State ghee 6 » 4070 | 4.55 
Anerican Agricultural . | | 
Chenical Cos. . ssdeewscuans ...| Los Anceles 
Barbour Chemical Works ....... Melrose 
Dominguez Chemical Co. ....... Dominsuez x 
General Chemical Co. .......0. es ee a 
Hercules Powder Cow ......... Kincle (not < 7 
~ overating) x 
Mountain Copner Cos .s.ssee, J Martinez a 
Los Anzeles x. 
Stauffer Chemical Coe ....... San Francisco — 
| Steze 


COLORADO = Total. sass i skies geededacsunedatvacsdhe 0.48 
» au Poxjt de Nemours & Co.,E.I.| Louviers 
{not. operating) 
General Chemical Co. ...... -.{ Denver 
CONNECTICUT ~ Total ........ oe ee ey ee ee eee - | 3005 
Kslbfleisch Corvoration ..... Waterbury 
Naugatuck Chemical Co. ...... Naugatuck 
DELAWARE : Oeil 
General Chemical Co. '........{Claymont ~ 
EA ere ke eee ee on : 
FLORIDA - Total ..............4.0..........5..., 5 1 0.86 1.52 
American Agricultural 7 fs 7 
Chemical Co. ............... Pensacola ma 3 
American Cyanamid Co. ....... Tampa (Building) x 
Armour Fertilizer Works ..... Jacksonville 
Barker Chemical Co. ......... Dunnellon 


MM MM 


rrected accorcings to information published in the Mar, igsue 
oe Chemical and uetallurgical Engineering and information obtained from correspon'- 
ENCle ae | | 


2/Production and consumption percentages are recormended for comparison purposes 40 
ae calculations only, Although these estimates are believed to be correct with 
n 10 to 15 per cent, reliable sources for these data are not available. 


3/Production percentases for states having two or less sulphuric acid plants are . 
lumped in the undistributed total, —~ 28 - (7923) 
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Table 2 Sulphuric Acid Pjants in the United States "t/ (Contd) 


Company Location 


GEORGIA. Total, asin sed boew Gea woe ave eves 
Anerican Agricultural 
Chemical Cow escccceceee e+e copoevannan 
Atlanta 
Armour Fertilizer Works ......)Columcus 
Blackshear Hfg. Cow ...... ...| Slackshear 


Cotton States Fertilizer Co. .| Macon 
Enpire State Fertilizer Co. -Athens 
Furman Fertilizer Works ......| Bagt Point 
Georgia Fertilizer Co. .......| Vaidosta 


Home Guano Co.......seccesccce Columbus 
International Agricultural 

COM se: 4d a sbeattca ele Cie ieee Columbus 
McCabe Chemical Coe ........- Macon 
Mandeville Mills .....0-e.c.ee. | Carrollton 
Morris Fertilizer Works ...... Atlanta 
Mutuel Fertilizer Co. ....... Savannapr 
Pelham Phosphate Co. .........| Pelham 
Phosphate Mining Co. ......... Savannah 
Reliance Fertilizer Co. ......| Savannah 
Royster Guano Co.,FeSe o-----e Macon 
Savannah Guano Co. o......eees Savanneh 
Southern Fertilizer & Chemica 

COe! aciinctyciecacs ete rreare oo | Savannah 


Southern States Phosvhate Co. | Augusta 
Southern Sulphur O11 Co. .....| Athens 
Southern Sulphur Ore Co. .....4 Columbus 
Swift Fertilizer Cos .....-+--: Atlanta 
Tennessee Chemical Co. ......4 Albany 
EEOUT COs: na 5:ao ude eens aodaenecae Lagrange 
Atlanta 
Augusta 
Columbus 
Macon 
Rome 
Savannah 


Virginia-Carolina Chemical Co 


32 


x 
x 
x 
x 
x 
x 
x 
x 
x 
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3054 


4.87 


l/ This table has been corrected according to information published in the March 
issue of Chemical and Metallurgical Poe renee and information obtained from 


correspondence. 


Per centZ 

U. S. 
Production |Consumption 
Estimated] (Estimated, 


2/ Production and consumption percentages are recommended for comparison purvoses and 
rough calculations only. Although these estimates are believed to be correct with~ 


in 10 to 15 per cent, reliable sources for these data are not available, 


3/ Production percentages for states having two or Iéss sulphuric acid plants are 


lumped in the undistributed total. 
7923 


~29— 


I. Co 6329 
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Table 2e« 


Company ~ ee: 


o te 


ILLINOIS ~ Total .. 
American Zinc, Lead and 
Smeltinz Coe oe..eees 


Armour FertilizeS Worts ..... 
Central Chemical Co. 
Hagle-Picher Zinc Co. ; 
General Chemical Co. .... 
Hegeler Zinc Coe ee. 
DITINOLS DING: Coe he kode staee es 
latthiessen & Hegeler Zinc Co. 
Monsanto Chemical Works we... 


Neu Jersey Zinc CO. ees sce toe 


INDIANA - Total .............. 
Grasselli Chemical Co.:.... 
Stauffer Chemical Co. ....... 


KENTUCKY | 
Grasegelli Chemical Co. ...... 


LOUISIANA — Total ... : 
Armour Fertilizer Works ..... 
Louisiana Chemical Co. ...... 
Planters! Fertilizer & 

Chemical Co. .. err 
Southern Acid & Sulphur Co, 
Swift Fertilizer Co. ae 
Union Seed & Fertilizer Co, 


Virginia-~Carolina Chenical So 
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: , Ser 38 
esvo@e@eeteeeeee @ 


{east St. Toute { 


jHillsboro 


“Chicago Yeignhts 


West iemnond 
Eiitlsporo 
South Chicago 
Danville 
Feru 

La | Salle 
Monsanto 

E. Ste Lous 
Denue 


Grasselli 
Harmmond 


Wurt land 


New Orleans 
Baton Rouge 


New Crleans 
Bossier City 
New Orleans 
Gretna ' 
Shreveport 
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2/ Production and consumption percentages ere recoumended for comparison purposes — 


and rough calculations 


only. Although these estimates are believed to be correct 


within 10 to 15 per cent, reliable sources for these data are not available, 


3/ Production 


lumped. 4n the undistributed totale. — 
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Table 2e— Sulpnuric Acid Plants in the United States 1/ (Conta) : 


eo ’ ets 


Per cent2| Per cent2 


Company - Location 


U. S. 
Production |Consumption 
Chamber! Contact| (Estimated) (Estimated 
MARYLAND = Total .....eseeeee ss eae aa ens : 101 6.39 
American Agricultural | | 
Chemical Coe escce scence owe ee| raALtimore x 
Baugh Chemical Cos o..-...+-+«| Baltimore x 
Davison Chemical Co. .......-. ., Baltinore x 
Griffith<Boyd Coe esccsrcoces .| Baltimore x 
Lancaster Cheme Cow oc-.-.....| Perryville x 
Mutual Chemical Co5o «.....-. ..| Baltimore x 
Naval Proving Ground «........ Indian Eead 
Raisin Monumental Co. «........| Baltimore P< 
Royster Guano Co. ¥..S. o«.....| Baltimore x 
Standard Wholesale’ Phosphate 
& Acid Works «...... sicseorigeta. (a, take Baltimore 
Virginia~Carolina Chemical Co. Baltimore 
MASSACHUSETTS = Total eo... cesaecreree okie vate 6 2 305d Lede 
American Agricultural | 2 
Chemical Coe ...... oo ...4 North Weymouth x 
Atlentic Chemical Co. ee.....- Lovell x 
Avery Chemical Cow o..-.seeees Tewksbury x 
lowell Fertilizer Co. .......4-vowell x} - 
¥ 3 jEverett | x x 
errimac Chemical Co. tered topo x - 
MICHIGAN —~ Total ...........0- Seume meee ee Shir ses 0.88 | 259 
Anerican Agricultural | | 
WOON Cl COs wskeen ses evades Detroit x 


Cleveland Cliffs Iron Co. ...J Marcuette 
Detroit Chemical Works ......4 Detroit 
Grasselli Chemical Co. «.....] Ecorse 


1/ This table has been corrected according to information published in the March 
issue of Chemical and Metallurgical Engineering and i nfozrmation obtained from 
correspondences 

¢/ Production and consumption percentages are recommended for comparison purposes 
and-rough calculations only. Although these estimates are believed to de corr ect 
vithin 10 to 15 per cent, reliable sources for thege data are not available. 

3/ Production percenta#zes for states having two or less sulphuric acid plants are 
lumped in the undistributed total. “— ” * ae 
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Table Qe Sulphuric Acid Plants in the United Statesl/ (Contd) 


_———_ 
ees ere een er ere ~eeEEEEESS ee 


| Per cente| Per cents 
Company Location Type Use Se U. S. 
nie Production |Consunption 
____ [Chamber] Contact} (Estimated) (Estimated 
MISSISSIPPI = Total ...........|.... 0. suesk 0.57 
Davison-Gulfport Fertilizer Co Gulfport x 
International Agricultural 
COPD iets Sseate aed ibd dos dss, Sessa -|Tupelo x 
Jacicson FertilizeB Co. ....... Jackson x 
Laurel Oil & Fertilizer Co. . "sr x 
~, . eridian x 
leridian Fertilizer Factory .. iat tiesbure a 
Tupelo Agricultnral Chemical 
Co. Sveenevecocee Ceeeoee eernvVuee@¢e Fupelo x 
MISSOURI 0.98 
Atlas Powder Coe Coecescevneees e tes 
MOIMTANA 0.05 
Anaconda Copper Mining Co. ... 
NEW JERSEY ~ Total ...........4, eee 4} By 8.34 
Anerican Agricultural 
Chenical Go, aioe ; 
American Cyanamid Co. ....... 


Armour Fertilizer Works we... 
Atlas Powder Co. .. 


Caldo Chemical Go. .......... tf © 


du Pont de Nemours & Co.,E.I.| Deepwater 
General Chemical Co. ...... oe Edgenater 


| (Grasselli 
Grasselli Chemical Coe coves d JNerari 

, Paulsboro 
Hercules Povder Coe ......... (Kenvil 
se | (Parlin 


1/ This table has been corrected according to information published in the March 
issue of Chemical and “etallurgical Engineering and information obtained from 
correspondence, | 


2/ Production and consumtion percentages are recommended for comparison purvoses 


and rough calculations only. Although these estimates are believed to be correct. 
within 10 to 15 ec=ccsnt, reliable sources for these data are not availables 

3/ Production Percentages for states having two or less sulphuric acid plants are 
lumped in the undistributed total, 
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Table 2e~ Sulphuxic Acid Plants: in the United States L/ (Contd) 


Per cents 
Ue Se 

Production |Conswunaption 

namber! Contact| (Estimated) (Estimated) 


Company a | ‘Location 


NEY JERSEY (Contd) 


Kalbfleisch Corp. ........ e--e(/Hlizebeth x 
Mutual Chemical Coe ...-...08- Jersey City x 
Standard O11 Co. (NeJ.) ..+..-| Bayoue (not 
operating) x 
Tuomas & Sons, IePe .........- Paulsboro (not 
operating) x 


noW YORK = Total ........0..05- bee are ee ee Reel 7.29 
Anerican Acricultural . 
Chenical Coe @eexrvece @eeveoevsee 


Buffalo 


Kastman Kodalc Cow ecee.cececee Rochester 
General Chemical Co. ......... Buffalo 
(Contact Process Co.Division)] Buffalo 
Robinson Brothers Coe o....... Brooklyn 
NORTH CAROLINA — Total ........ reese sauceeqe lt? 2.39 | 3e3l 
BONG: MTS 5- COs: Veis-vs si-stareeheace sl: Wilmingto x 
Anerican Agricultural — Wilmington - oP 2 
Chemical Co. eee ee Tee x 
Armour Fertilizer Works ...... 


Caraleigh Phosphate & Fertili 


ROP: WEG. wc bsgat asa auars bees 

Dixie Guano Coo wes ececcecees .| Laurinburg 
McCabe Cheinical Coe o.-....0ee Charlotte 
derchants! Feed & Phosphate Ca.Cherlotte 
Swift Fertilizer Co. «........| Wilmington 


(Charlotte 


Virginia~Carolina Chemicel Cod4Selma 
{}Wadesboro 
Wilmington 


(Winston Salen 


HHMH MW 


een eee a 
1/This table has been corrected according to information published in the March 
issue of Chemical and Met&llurgical Engineering and informati6n obtained from 
.. COrresvondencee if a 7 
2/Production end consumption percentages are recomended for comparison purposes and 
‘Tough calculations only. Although these estimates are believed to be correct within 
10 to 15 per cent, reliable sources for these data are not available. | 
3/Production percentages for states havéng two or less sulphuric acid plants are lumpe: 
in the undistributed totale - 33 = (7923) 


I. Ce 6329 
Table 2e~ Sulphuric Acid Plants in the United States 1/ (Contd) 


2 | | Per cent | Per centé 

Company Location 8 Type U. 5S. U. S. 
| : fee eeces Production ;Consumption 
Chamber! Contact| (Estimated) (Estimated 


OHIO ~ Total ..c....ce00e aaa | Soren Baas 


ae 16 3 8.43 
American Agricultural Cincinnati x] 
CHEMICAL. “COs. oss bende dawewek lover x |. 
American Steel & Wire Co. ....| Cleveland x 
Armour Fertilizer Worlcs ...... Paina 
Farmers! Fertilizer Coe ......«; Columbus x 
Federal Chemical Coe oe....... Columbus x 
General Chemical Co. .........| Cleveland fi x 
| Canton x 
3 Cleveland | i x 
Grasselli Chemical Co. .e.....{Lockland x 
Niles x 
oledo aie < 
Jarecki Chemical Co. ....... ~4 Cincinnati x | 
St. Bernard Acid Works ...... St. Bernard x 
Smith Agricultural | 
Chemical Cow «ee... -cececee Columbus. x 
Virginia~Carolina Chemical Co cern = 
OKLAHOMA ~ Total ......... ... eer Bes ee a means 0.07. 
National Zinc Cos ....--eeee -{ Bartlesville 
Ozarlc Chemical Coe .......... West Tulsa 
PRVISVLVANIA = Total #62048 <6% | Sowa wobeVehene | . 16 8 . 11.70 10.79 
American Sheet & Tin Plate Cod Vandergrift < 
American Steel & Wire Co. ...j Donora x 
American Zinc & Chemical Co. j Langeloth : 
Atlas Powder Co. ...........-. Tamaqua x 
General Chemical Co. ........4 Newell Xx 


1/ This table has been corrected accordfng to information published in the March 
issue pf Chemical and Metallurgical Engineering and information obtained from 
correspondences | | 

2/ Producticn and consumption percentages are recomended for comparison purposes 
and rough calculations only. Although these estimates are believed to be correct 
within 10 to 15 per cent, reliable sources for these data are not available. 

3/ Production percentages for states having two or less sulphuric acid plants are 
lumped in the undistributed totale coe - 
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Table 2 Sulphuric Acid Plants in the United States 1/(conta) 


| 


_ Per centé| Per centZ 
Ue Se U. Se 

Production |Consumption 

Chamber| Contact] (Estimated) (Estimated) 


Company o ~ "-" Location 


PENNSYLVANIA (Contd) : 
Beaver Falls 
Grasselli Chemical Co. .......{wew Castle 


oe: hiladelphia. 
Hercules Powder Co. o0......-.| smporium 
Kalbfleisch Corpe pNeeteeene sel BLES 


Lancaster Chemical Coe .......| Lancaster 
Lenning & Co.,Charles ......../ Philadelphia 
Werck= 4: Coe Sj ccsaacesrine ened Philadelphia 
New Jersey Zinc Coe .....- ~oee| Palmerton 


Pennsylvania Salt Mig.Co. .... ata 
Powers, Weightman & 


Rosengarten y...seeeee. .. +. Philadelphia 
Trojan Powder: Cos os..se-eeees Seiple 
Tunnell & Co., FOW.:....-----4 Philadalphia 


York Chemical 'Co, o.....-e++eq York 
‘United Gas Imfrovement Co. ..4 Point Breeze 
| ; ' (Phila) 


SOUTH CAROLINA © Total .......].....6. ; ol | "  * Be92 
Anerican Agricultural. | : . « we 
Chemical Co. ese, eae weave eranw asus 

Anderson Fertilizer Works ... 


Charleston 
Cherleston © 


itiwan Fertilizer Co. ....... 
Maybank Fertiliger Co. ...... 
Merchants! Fertilizer & 
Phosphate Co. Peoserevscccore 
Paanters' Fertilizer & 
Phosphate Coo s...- ese ceece 
Read Fertilizer Coe o.......- 
Royster Guano Co., WeS. ...-. 


Charleston 


Charleston 
Charleston 
Columbia 


V/ This table has been correctec according to information published in the March 
issue of Chemical and Metallurgical Engineering and information obtained from 
correspondenc. | | 

2/ Production consumptiomw percentages are recommended for comparison purposes 
‘end rough calgulations only. Although these estimates are believed to be correct 
within 10 of @5 per cent, reliable sources for these data are not available. 

3/ Production pefcentages for states having two or less sulphuric acid plants are 

_ lumped in thefyndistributed total. 


7 7903 = : . ono 35 we 
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Table 2. Sulphuric Acid Plants in the United States 1/(conta) 


Per cents | Per cent« 


7 1 72835 1.20 
e 
x x 
x 
x 
x 
x 
x | 
TURES =: TOtGl saniceeiesacew ets enews rae ees . 2 4 3091 4.56 
Armour Fertilizer Works ...... xX 

Gulf Refining Cow ...-e.eesene Port Arthur x | 
Southern Acid & Sulphur Co. ..|Port Arthur - 

Fort Worth x 
Texas Chemical Co. ..........- Boonton | : 
United Chemical Co. .......... llas x 


UN. nite eed baceeeetes eal uaurdet wie 0610 
Hercules Powder Cow ....-ceeee Bacchus | | 


VIRGEN  TOtAl. 6655666648660 5ul eee esawek aes 1 8.51 
american Agricultural 
Chemical: COv @s2s2escetusaace Alexandria. 
General Chemical Co. .........| Pulaski x 


1/ This table has been corrected according to information published in the liarch 
issue of Chemical and Metallurgical Engineering and information abtained from 
correspondences : | 

2/ Production and consumption vercentages are reconmended for comparison pur j0ses 
and rovgh “c&lculations only. Although these estimates are believed to be correct 
within 10 to 15 per cent, reliable sources for these data are not available. 

3/ Production percentages for states having two or less sulphuric acid plants are 
lumped in the undistributed total. : 


Company Location 


SOUTH CAROLINA (Conta) 


Blacksburg 
\Charleston 


Virginia~Cerolina Chemical Co. Greenville 


TENNESSED o Total eccsccccccccchecccceae eee 
Armour Fertilizer Works ...... Nashville 


Ducixtown Chemical & Iron Co. Isabella 
Federal Chemical Co. ......... Nashville 
Read Phosphate Coe «o......06.. Nashville 
Tennessee Copoer & Chemical 

COg 40 es. Ganue ee ..--| Copper Hill 
Victor Chemical Works ....... .-| Nashville 


Virginia~Carolina Chemical Co.| Memphis 
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Table 2.~ Sulphuric £ci2 Acid Plants in the United ed Statesl/ (Conta) 


Company . Posation 


TIRGINIA » (Contd) 
Richmond Guano Coe-.........-.| Richmond 
Robertson Chemical Corn. .....| Norfolk 
Royster Guano pongeers bea edts Norfoll: 

' . Whynenburg . 


Portsmouth 


TiretntanCarolina Chemical Co. 
_ |{Richnond 


WASSINGTON | | 
Cu Pont de Nemours & Co.,Hel. | du Pont 


Wesel VIRGINIA — Total e.ccccccdoscscncsvccece: 


Felrmont Chemical Coe ....... Yairmont 
United Zinc Smelting Corp. .. | Moundsville 


TISCONSIN - Fotal ......... o. | a aus ° Socks 


di Pont de Newours & Co. , Eel. | Zarizsdale 


National Zine Ore Separeting } . | 
DOs euise asus er ee eae Cuba City 
lacistributed 


| ! | 
Total | 


Pinners Point 


TO 


—_———a 


TS 


205 


HHM AWA WA 


62 


Per Bente | Per cent& 


U. Se a Ue. Se 


Production Consumption 


O19 

41.31 

0.25 0.75 

10.44 Re9ID 
Se 


109.00. | 100.00 
| 


i/ This table has been corrected according to invormietion nuv] ished in tne March 
issue of Chemical and Metallurgical Engineering and information obtained from — 


Corresponc.encée 


e/ Production and consumption rercentages are recomended Lor 
and rough calculations only. Although these estimates ars 


conrarison purposes 
believed to be correct 


within 10 to 15 per cent, reliatle sources for. tuese data are not available. 
3/ Production percentages for states having two or hee sulpnuric acid vlants are 


meee in the undistributed totale 


e . 
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The contact plants in 1929 produced approximately 3,000,000 tons of sul~ 
phuric acid reduced to a 50° B. basis. This represents about 35 per cent of the 
total production. The chamber process is generally used in ths manufacture of acids 
of lower concentrations and is the source of supply of weak sulphuric acid for the 
fertilizer industry, whereas acids of higher concentrations (over 60° B.) and olew 
(fuming sulphuric acid) are generally made by the contact processe 


Sulphuric acid used in industries other than the fertilizer industry 
consumes @ considerable part of productions It is an essential and important 
comnodity in the industrial arts, such as pickling for the preparation of material 
for galvanizing, tinning, and enemelling. It also enters largely into the refining 
of various petroleum products. The liquid solution of ordinary storage batteries 
is sulphuric acid. As an electrolyte it is used in the refining of copper and is 
very important in the manufacture of chemicals and drugse 


The estimated dist.ibution of the consumption of sulphuric acid reduced 
to a 50° B. basis is showin Table 3 8/ for 1927, 1928, and 1929. 


Fable See Estimated distribution of 50° B. sulphuric acid 


Consuming industries 1927 

Fons 
Fertilizers ....c.scsceeccces | 500,000 2,300,000 1,925,000 
Petroleum refining ......... 1,570,000 1,350,0CO 1,325,000 
Chemical s: wst06%.6ssawceeewes 820,000 745, 0CO 729,000 
Coal  roducts e.c.sssceveees 820,000 740, 0GO 732,000" 
Iron and steel ecererceseuce 770,000 670,000 685,000 
Other metallurgical ....... : 625,000 570,000 700,000 
Paints and Pigments ....... ° 215,000 205,000 210,000 
Explosives «..seeeee- i aaitacarcelida 195,000 170,000 183,000 
Textiles eo.ssssseee cekawaee 85,00) 78,000 135,000 

RAVOU: os Miweeeeares bi eecieeteee 145,000 105,000 (not shown) 

Miscellan@ous se...cseseceee 320,000 292,000 290,000 
Total 7,925,000 7,225,000. 6,935,000 


The total estimated production of sulphuric acid in 1929 was estimated by 
Chemical and Metallurgical Engineering to be 7,926,000 tons on a 50° B. basise 
Native sulphur, however, was not tne raw material for all of this productions — 
Estimates from the same source show that in 1929, 1,135,000 tons of native sulphur 
were used in the manufacture of sulphuric acids This is equivalent to 5,606,000 
tons of 50° B, acid or 70.8 per cent of total acid produced. The sulphuric acid 
produced from pyrite amounts to 206 per cent of the totals that from other sources, 
chiefly a by~product of copper and Zinc smelting, is 86 per cents | 


a a 
8/ Chemical and Metallurgical Engineering, vole 37, Nos 1, Jane 1930, ppe 50~dle 
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In the United States most sulphuric acid is produced by burning sulphur; 
of the remainder the larger part is furnished by roasting of pyrites or by sulphur 
dioxide recovery from smelter fumes. In England, until recently, sulphur had been 
aimost entirely replaced by prrites fer the manufacture of svlphuric acid, but at 
present an increasing quantity of acid is being made from sulphure 33~product sul 
phur. By-product sulphur dioxide from the Zinc industry is also contributing to~ 
ward the decline in pyrites consumption. LHisewhere on the continent pyrite forms 
an important source of sulphur for the manufacture of sulphuric acid. European man~ 
ufacturers continue to display interest in natural suivhates (particularly gynsum) 
as substitutes for svlohur and pyrites in the manufacture of sulphuric acide In 
Gerneny the Bayer factory at everiusen is said to have a yearly capacity of from 
40,000 to 50,000 metric tons of sulphuric acid, and further extensions are contem= 
Plated. Molitor?/ has described tarious methods of utilizing calcium sulphate as a 
source of sulphuric acid. The Bayer process involves the heating of gypsum, clay, 
and coal with some adcitions of sand and slage The sulphur dioxide gases evolved 
are purified and oxidized to sulphuric acide While this method accounts for less 
than 4 per cent of the German output of sulphuric acid, it exceeds the amount of 
sulphuric acid made from elemental sulphur, and German economists are urging its use 
because of the abundant local supplies of gypsume Raw materials for German sulphur- 
ic acid production in order of their present quantitative production are pyrites, | 
zinc blende, sulphur by~product from gaéses, gypsum, and elemental sulphur. france 
is Also constructing plants for the manufacture of sulphuric acid from sulphates. 


Pulp and Paper 


Another important use of sulphur is in the manufacture of wood pulp, and 
papere While there are several processes for the manufacture of pulp, sulphur is 
used chiefly in the sulphite processe Wood contains a large proportion of cellu. 
lose, the substance of which paper is made, which is cemented together by resinous 
and gummy materials that must be decomposed. This is done by sulphite or bisul- 
pnite of calcium or mazgnesiuwn formed by the passage of the gas of burning sulphur 
through lime water, The amount of sulphur used per ton of pulp varies betreen 220 
and 300 pounds 10/ Thorpe 11/ states that about 280 pounds of sulphur are reauired 
for every ton of wood pulp produced» : _ | 


In the sulphate method, sulphur is employed indirectly through the use of 
salt cake or sodium sulphate, which is largely a by-product of other industries. 
The largest amount of chemical fiber produced is made by the sulphite process, 


_ Pyrite is used to a limited extent in the sulpnite method of producing 
wood pulp, he bisulphite manufactured is added to the wood chips in a very dilute, 
solutions 5.per cent of the totai S02 may be rezerded as the maximum, and of this 
¢ per cent is purposely uncombined. It is essential that. not more than traces of 
sulphuric acid be present, otherwise the pulp is afrected injuriously. These two 


9/ Molitor, Heinrich, Die Nutzbarmachung der Girpsschefelsauret Chem.Ztg., vol. 5l, 
Mos 35, May 4, 1927, poe 324-332, 370-273. | 

10/ Johnsen, Bjarne, The Manufacture of Pulp and Paper, New York, 1927, vol. 3,p.84. 

il/ Thorpe, Edvard, Dictionary of Applied Chemistry: London, 1919, vol, 5, p. 294, 
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facts account for sulphur's not having been replaced. by pyrites in the manufacture 
of wood pulp bisulphites, because the dilute solution employed makes it practically 
necessary to manufacture the bisulphite where the wood pulp is made. The cost of 
transport per unit of sulphur availabie for conversion into sulphur dioxide is there- 
fore a serious consideratione Moreover, it has not been found practicable to linit 
sufficiently the quantity of sulphuric acid present if the sulphurous acid is made 
from pyrites, due to the catalytic action of the ore itself. In using pyrite: in- 
stead of sulphur as a raw material for the generation of BOo, the quality of the gas 
is more variable and requires special puritication. The gas also carries with it 
considerable quontitiss of mechanical impurities which have to be removed by dirt _ 
catchers or dust chembers, by filtering, o. by electrical precipitation. The amount 
of S02 is usually much higher and it has to be removed in a special washing process}; 
this is due to the fact that sulphur diozide is more easily oxidized to sulphur tri-. 
oxide in the presence of certain substances, as iron oxide. In the burning of 
sulphur, the only so-called catalyzer present is the metal of the burners and pipinz: 
vhile in the pyrite process, the ore itself acts as a contact substance and acceler-~ 
ates the formation of SOz even at the lover temperatures. 


Fortiliser 


An important use of sulphur (as sulphuric acid) is in the manufacture of 
fertilizers, mostly acid phosohate, which forms a large part of the mixed fertilizers 
used in this country. Ox the total production of 7,355,795 tons of 50° B. acid by 
@l11 industries in the United States in 1°27, 27.9 per cent was reported by establish 
ments in the fertilizer industry. The acid phosnnate is prepared by treating ground 
Phosphate rock, known as floats, with sulphuric acid for the purpose of making the 
phosphates soluble and m®:rendering them available for plant food. Aside from its 
application to phosphate fertilizers, sulpnur itself is often used as a fertilizer. 
Small additions to the soil have been founc to increase materially the weight of 
many vegetables, sometimes as much as 40 per cente As sulphur is not effective when 
apolied to sterilized soil it has been suggested that its effect is that of modify- 
ing soil bacteria. It is asserted that sulphur influences the chlorophyll so that 
plants growm upon soil containing sulphur are much more green than otherwisee Its 
application to soils also serves to increase the acidity which is particularly de~ 
sirable under certain conditionse Sulphuric acid is used to a larse extent in the 
manufacture of ammonium sulphate which is also an extremely valuable fertilizer. 


Fungicide and insecticide 


Sulphur is used extensively, especially in Europe, to prevent the growth 
upon grapes end shoots of vines of the microscopic mold fungus Oidiwm which if 
allowed to develop, causes the vine leaves to ary up? as a resvlt the grapes when 
ripe produce an unsound wine. The sulnhur employed for this purpose is largely in 
the form of flowers of sulphur, aithovgn winowed sulniur is used. Aside from tha 
above, sulphur is viticulture in the form of Bordeaux mixture, which consists of 4 
mixture of sulphur, copper sulvhate, and various porous substances. This is applied 
to grapes and shoots of the vines. Flovers of suiphur is also used effectively to 
prevent the growth of mold on hops, which is similar in character to that occurring 
on grape vinese The fungus growing on the surface of the leaves will form a white 
powdery spot on the buds of hop cqnes and prevent or impair their development, rend- 
ering the hops practically uselesd. 
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The efficiency of sulphur as a preventative of the growth of the Oidiun 
ig considered to be largely dependent upon its physical condition. Thus, flowers 
of sulphur contain a certain pértion of amorphous sulphur which is more easily 
oxidized than crystalline sulphur, even when in a very fine state of subdivision. | 
It is believed that by air exposure, minute cvantities of svlphurous acid and sul- 
pruric acid are formed wnich cause tne destruction of the fungus, 


is an insecticide, sulphur is dusted on trees and plants or combined with 
lime as & lime-sulphur sprey. Powdered sulphur is used to combat the cotton flea. . 
Sulphur is applied to soils to chsck potato scab, and is used in various animal dips 
for the destruction of para€sitese In recent vears its use as an insecticide has be» 
come more end more importante It was renorted 12/that sulvhur dusting had been used 
successfully in preventing rust in the gvain fields of Canada. 


Petrolevm Industry 


Many thousand tons of pulpauric acid @re used in connection with the ro» 
fining of oils, advantage beinz taizen of the variations in the suscsptivility to 
attack by sulphuric acid of some of thse constitue:its of crude oil, particularly un-~ 
saturated hydrocarbons and substances that impart a deri coler as well as an Ue 
plenseat onore i 


; For some uses oil containins svlvhur is desirable, as for metalecutting 
oils used largely by the metaleworking industries for thread cuttins, turret lathes, 
and other machine work. For this purvose su phur is first incorporated with an 
animal or vecetable oil base and subsequently adied in proper proportion to a 
petroleum oils 


Sulphur Dioxice 


Sulphur dioxide is marketed usually in the liquid ne and is moved in 
tank cars or drums, It has found wide use in the chemical field end is now the maja 
Tefriserant in small refrigerating systems. It is employed for bleaching paver, 
straw, wood, wool, silk, etc., and is used by cotton bleschers as an anticnlor. It 
is also used as @ mordant in the dye industrye Sulvlwur dloxide’ Sxtensively used for 
the preservation of fruit, wine, meat, sugar, and syrupse The fact that sulphur di~ 
oxide has very little inverting" action on sugar makes it a suitable preservative 
of such foods. It is used in the treatment of grapes loaded into cars, as it pre~ 
vents mold formation. Sugar refincrs employ sulphur dioxide in the treatment of 
sugar juicese In oil refineries it is used to dissolve out certain objectionable 
impuritiess For the rapid disinfection of ships and for destroying rats and other 
vermin the portable containers of sulphur dioxice are very convenient, 


The sulphur ¢foxide in this comtry is larzely mace from the burning of. 
sulphure The production in the United States is given as follors: 


Production of Sulphur dioxide in the United States, 1927 - 1993, inclusive 


1927 1925 1923 
Number of establishments ...... 4 4 4 
"SEOONGS:.Siciekiiaaaeean sas »+2e10,133,983 8,861,341 © 6,575,995 
VAlUG iactan acme ou rceietaee cues $687,855 ~ $635,738 - $414,049 


YI World. Trade Notes, vole 2, Noe 50, December 10, 1928, pe 26 
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Rubter Industry 

Ordinary rubver before vulcanizing is weelz, softened by moderate heat, 
rendered stiff by cold, soluble in gasoline or benzol, and is quite useless for 
most industyial needs. The rubber indust:y is built ara.nd the discovery of vulcan- 
ization which renders the rubber more suitable for use. Vuicanization of rubber is 
effected by the addition of ground sulphur to the rubber. Other materials have been 
used as vulcanizing agents but sulphur is commonly used. Sulphur chloride, a sol- 
vent for sulphur, is used for vulcanizing caoutchouc. : 

mainly 

The differencazin the various grades of vulcanized rubber are due /to the 
proportion of sulphur mixed with the rubber material in vulcanizing the mixtures, 
Soft rubber goods carry from 2:; per cent to 10 per cent of sulphur; most rubber 
compounds carry from 3 per cent to 5 per cent; and hard rubber compositions carry 
from 10 per cent to 15 per cent of sulphur, 


Explosives 


Sulphur in one form or another has been used in the manufacture of ex 
plosives since Orientals first learned the secret of mixing saltpetre, sulphur, and 
charcoal in the thirteenth century. The use of sulphur as such in explosives is 
now practically confined to black vowder, which contains about 10 per cent by 
weight of sulphur. Some sulphur is also used in granulated dynamite. Smaller 
amounts are employed in the manufacture of fireworks, especially in China. Sul- 
phuric acid is employed extensively in the manufacture of high explosivese 


Miscellaneous 


Sulphur is occasionally introduced into glass; the colors produced by it 
are due to molecular dispersed sulphur present in the form of polysulphides. Su- 
phur is an impurity and objectionable in the manufacture of steels; however, it is 
added to some steels for special purposes, notably for the making of screw stock. 


Sulphur cements, which consist of sulphur and inert minerals vnen 
applied hot, are useful in anchoring metal into stone. 


Although sulphur is one of the cheapest of raw materials, its use has 
been almost wholly confined until recently to that of a chemical reagent, as in 
the uses outlined above. It is chemically inert. In its usual elemental form it 
lacks strength and is easily crushed; but when it is properly supvorted ina 
porous vehicle such as paper board or Portland cement, it not only adds greatly 
to the strength of the carrier, but enables the comodined structure to resist the 
action of many destructive chemicalse Concrete containing 15 per cent of cement 
has shorm, when impregnated vith sulphur, ten times the tensile strength of plain 
specimens .3/ Large electrolytic cells made of concrete impregnated with molten sul- 
phur have been in use for two yearse This same principle may be applied to certain 
materials such as sandstone and limestone, increasing their strength and reducing 
their porosity. Sulphur may be mixed in a molten state with sand, slag, graphite, 
and other granular materials to produce substances which are strong, hard, and proof 
against both acid and base. Textiles and fabrics may likewise be impregnated with 
sulphur e 


Fe aa Le ae ae 
13/#ngineering and Mining Jour. Sulphur in Construction: vol. 125, No. 12, March 
24, 1928, p. 4896 - 2 (7923) 
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Wood may be impregnated with sulphur by methods similar to those in use 
in lumber preservation; and as sulphur melts to a mobile liquid at a temperature a 
little above the boiling point of water, there is little difficulty in securing 
effective penetratione Wood thus treated should prove useful in the construction 
of pickling tubs for metal industries and tanks for chemical works. 


‘CONSUMPTION OF SULPHUR 


At the beginning of the present century the consumption of sulphur in 
the, ited States was impeded in proncrtion to en increasing consuription. oeppites 
vith Anglo~Sicilian Sulphur Co. dominating the sulphur market. The amount/tonsumed 
in 1900 was 4405 per cent more thon that of 1891 while the use of iron pyrite as a 
source of sulphur had increased 151.4 per cent over tne same period. With the 
advance in price of Sicilian sulphur, acid makers in the United States commenced 
using pyrite, until in 1902 pyrite was the sovrce of 65 per cent of the sniphur cone 
smede Even sulphite pulp mills wers turning to pyrite as a source of sulphur. 
However, with’ the successful eapplicetion of the Frasch process to. the American sul. 
phur deposits the situation began to take on a different aspect soon after 1903-6 
Consumption was largely confined to the wood~pulp industry until about 1917, and sul. 
phur had not yet been extensively 2donted for acid making. It was estimated that 
tromthirds of our sulphur output was consumed in paper mills. At this time, however 
its use in place of pyrite for: acid making commended on a large scale, principally 
on account of the world war, The need for transportation facilities for essential 
traffic between the United States and Europe resulted in drastic curtailment of 
bottoms engaged in otner traffic. In 1919 the Spanish pyrite supply failed, and a 
third American sukphur producer entered the market. This caused sulphuric acid 
manufacturers to turn to sulphur for their product, and at. the close of the war 
many of the industries continued to use sulphur rather than cnange their plants 
back to handle pyrites. 


In 1921 the normal consumption of sulphur in the United States and Canada 
was about 750,000 tons a year, of which between 15 per cent and 20 per cent of the | 
total was used by acid phosphate manufacturers. World consumption in 1922 was esti- 
mated at 1,500,000 tons, with the United States and Canada absorbing 1,000,000 tons: 
in 1923 it was estimated at eporoximately the same figure, with Australia consuming 
60,000 tons, France, 100,000°°@8rmany, 30,000 tons, and Great Britain 85,000 tons. 


The consumption in 1925 was said to be 25 per cent nigher than the average 


for the last five years; 2,250,000 tons was consumed by the world, and 1,200,000 
tons was used by the United States. 
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The consumption of sulphur in the United States for 1927, 1928 and 1929 
by various industries has been estinated in BREE cee and Metallurgical pnetbeering 


as follows: 


Sulphur consumed _in the United States, 1927-1929, inclusive 


Use 1929, 1928, 1927, 

tons tons tons 
Heavy chemicals ....-.eee.e5. 560,000 520,000 490., 000 
Fertilizer and inseticides . 415,000 345,000 300,000 
Pulp and Paper ..........+6- 265,000 250,000 250,000 
Explosives ..........+eeee- » 67,000 60,000 65,000 
Dyes and coal tar gunsilo - 47,000 42,000 40,000 
RUD OGL ose ora seats ie de were ae 43,000 40,000 35,000 
Electrochemicals ........... 23,000 21,000 20,000 
Fine chemicals ...........06. 15,000 14,000 13,000 
Paint and varnish ....2..+06 De 900 ; 5,000 5, 000 
Food products eccsrssessvoes 5, 000 — 5,000 3,000 
Petroleum products ........ ; aes 1,000 1,000 
Miscellaneous eT ee ee : 136,700 123.000 118,000 
Total 1,581,700 1,426,000 1,342,000 


MARKETING AND PRICE OF SULPHUR 


- Sulphur comes into commerce in rseveral fii such as crude, flour, re= 
fined, flowers of sulphur, and precipitated or mil: of sulphur. 


The crude sulphur produced in the United States is the regular mn-of-~ 
mine sulphur and is guaranteed to contain 99.5 per cent of pure sulphur and often 
contains as high as 99.9 per cent. The primary marketing points for crude sulphur 
are the mines from which shipments are made direct to consumers in any quantity. 
Secondary marketing points are the Gulf ports of Galveston, Texas City, and Free- 
port, from which shipments are made to foreign countries; and the Atlantic coast 
ports where shipments are again made by rail. fhe chief distributing points on the 
Atlantic coast are New York, Baltimore, Portland and Searsport, Me., and Quebec, — 
Canadas3 on the Pacific Coast are Portland, Orezg., and Vancouver, Be Ce, and in 
murope.< are Marseille, Manchester, fanvure. and Rotterdam. 


Comercial flour sulphur is the crude sulphur that has been sean aa 
sized. It is often subsequently graded and marketed according to certain specifica 
tions. It is usually shipped in burlap sacks containing about 100 pounds net. 

This oroduct is used extensively as a fungicide or insecticide and in the manufacturi 


of rubber, 


Refined sulphur is made by distilling and condensing crude sulphur. Often 
the sulphur is caught in a small hot receptacle in the molten state, cast into stick 
and sold as roll sulphur. Roll sulphuris siipped in barrels or bags and is used 
largely as a fumigant. Refined sulphur is also ground and marketed in 100 pound 


bags for certain uses. 
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Flowers of ‘sulphur is subliméd sulphur which is caught in dust forme 
Flowers of sulphur are usually mzriceted in 100 pound bags and is used largely for 
medicinal nurvosés$ it is prererred in ecme European countries for dusting srape 
vinebe ee: 


Mili: of gulphur or precipitated sulphur’ is the white or eray amorphous 
sulphur devosited by the decomposition of an aqueous solution of calcium polysul- 
phide (obtained from flowers of sulphur and lime). Milk of sulphur is used largely 
for nedicinal purnosese _ | 


The prices of the various prades ‘of -sulplur as given by the Oil, Paint, 
and Druz Reporter in January, 1900, are as followss 


Sulphur, crude, mines, car lots, bulk .......e long ton ..... 18.00 — 21.00 
spot, nearby, car lots ee ccs scccscesecsere long ton ..... 21600 ~ =.=. 
ex vessel, ew York, Philadelphia | a 
Baltimore, Southern ports, bulk ....... « long ton e.... 22000 ~~. 265.00 | 

- Boston, Portland, Dude oes ee ee ewe sees e dong ton ....- 22450 — 25,50 
flour, commercial, bags .......-ceeeeeeeeee LOO lds. ..--. 1655 4 | 2010! 
y  ADAEPOL Sl vasicnieeq's. uo-s-cee ee seeines veoseee LOO Lose oe--0 1690° » § 245- 
extra fines DAgS .osscesssccececcerseees 100 lbs. -...., 2640 =~ 3.00 
suverfines, DAZS o...seccccereceeveseees LOO LD8e o.--. 2640 ~ .2680: 
BAPPel G-wieds sd ook cee fae aaeeas 100 Lbs. «...+ 2655 + 3,10 
Rubbermekergs, bats Dieta ieeet Glaus “ae eee 109 lbs. @veece 2220 oe 2080’ 

-  DAPLELS oss sic0c0eie vin oer ei cagengs sane e LOO LUG 6. Wetees “le00. Sel 
refined, extra fine, bags ......:.ee.4-6 100 lDBe eesee, 2080 @ 13.55: 
DALE) Ss voces Caen aca’ pa Cdedeewee des. LOO LbSs)sinces, Geld “a> 3.17 

OAV DALES es ci8c- a e.d Ow a oie b wia sien. Sw ata | 100 lbse «--.6 2050 —Be05 
DALPTEC1S~456.6.0.6-06 Wow ee eee ee ce -eveelece 100 lbse .-. 22085 ww .3.40. 

LA AHG gy) DASE) ce cidinsw esas intsvereocca terete dats ee L100 lbs. .. 2060 — 3,15 

a g barrels: esscsecscas re ro are 100 lbse .. © 22095 ow 5200 

, rubbermakers, bags ae ae ee 100 lbSe e- © £260 = Seld 
PIOWERS). DASE o0:aisauncseeiiees Sharan aeeee LOO lbSe coors SelO0 = 3065 
DELROLG! «e004 dae ata aa wkce eae ree »--. LOO lbs. ..... G45 = | 4,00 
precipitated; Kees - is ais cae ties Siow eee Feceee: TDS. eol5 017 
Toll, bags ....... Ge alee Buse eae sceranee es a ecitls 100 lbs. .. 2e25 wm e770 
° e040 =» 2,85 


DAPTOLS: sure sie 6 Gb.ws oe hos wee ws es Oa ee - LOO lbs. 


The general demand for sulphur is the greatest influence on price, but 
cue to competition the price of pyrite is an im.ortant factor in determining the 
price of ‘sulphure : | : : : 


The price of crude sulphur from 1909 to 1915 was about 318. a ton froebe 
cars at the mine and $22.ex vessel at New Yorie During the war the vrices of sule 
‘Phur rose materially. . Early in the fall of .1917 the fertilizer committee of: the 
Chenicdl ‘Alliance acting with the consent of the Cowrcil of Vational Defense made 
informal arrangements for & price, on crude sulphur of $22 per long ton fooebe mines, 
this’ policy continued. until. June 7, 1918, wher the War Incustries Board took more 
diréct’ control of supplies.of the sulphur. On June 27, 1918, the War Industries 
board by resolution, approved by tne President on July 2, 1918, assumed control of 
the production and’ distribution of all sulphur materials. This control and price 
a” per long ton was in effect until Jemary 1, 1919. Since this time active 
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competition between sulphur producers has caused a decline in the price of sulphur 
to $14 to $15 a-ton in 1922. Subsequently, prices have improved, and on January 1, 
1960, the prices quoted in the trade journals were $18 to $21 f.oeb. mines, Texas, 


The following table shovs the wholesale prices of sulphur per long ton 
f.oebe minese Prices shown are mostly on contract, and the two prices represent 
the range between the costs to buyers of large quantities, who receive the benefit 
of mininmm price, and to buyers of smaller amounts, who Pay wprice which ss aaal 
mates the maximum. 


Fable 4,- Sul Sulphur or Brinstone (Wholesale) Per Long Ton in 


Cars, F. 0. Be Mines. 


(Oil, Paint and Drug Reporter) 


~ October 1 


1920 - | 28.00 — 32.00 20000 = we 20.00 ~ 22000 
1921 o~ 16.00 + 20.00 ' 15,00 « 16.00 -- 15200 = 20.00 
1922 o- 14.00 ~ 20.00 ‘14.00 ~ 20.00-/ 14.00 ~~ 20.00 
1923 ~ 14,00 - 15.00 14,00 <- 15.00:} 14.00 ~ 15.00 
1924 oo | 14e00 ~- 15.200 14,00 » 15200 14600 = 15-00 
1925 ~~ 14.00 ~ 15.00 15000 =~ 16400 15-00 ~ 16,00 
1927 18.00 =~ 19.200 18.00 ~ 19,00 18.00 = 19,00 
1928 on 18200 ~ 194200 18.00 '~ 19-200 18.00 ~ 19.00 
eree e 18.00 =~ 21,00 18.00 ~ 18.00 — 21.00 


2100 


STATISTICS OF IMPORTS AND EXPORTS 
fhe three countries exporting sulphur are the United States, Italy, and 
Japane “The trend of exports from these countries igs shown graphically in Figure 5. 
UNITED STATES 


In the last quarter century, the United States has risen from a position 
of large imoorts and no exports to a position of no imoorts and large exvorts, whicl 
are more than three times the exports of Italy, the only other exporter of axycon- 
sequence. In 1922, the Sulphur Export Corvoration was organized under the Webb- — 
‘Pomerene Act by the principal sulphur producers in the United States, for the more 
efficient handling of the fpreigm sulphur trade of the United States. It is under- 
stood that this organization is still in effect. The trend of United States exports 
is shown in Table 5 and the distribution of exports from 1924 to 1928 is shown in 
Table 6. The figures for the United States are for American crude which contains 
more than 99.5 pure sulphur. The chief export markets at present for American sul~ 
phur are Canada, Germany, France, Australia, and the United Kingdome Much of the 
sulphur exported to Germany is transhipped to other smaller European nations. 
Cargoes of sulphur consigned to German ports may be sold en route and redirected by 
radio, or they may arrive in Germany and be transferred in small lots to a number 
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of smaller vessels capable of movement into ports inaccessible to the original 

vessele The exports of sulphur from Germany in 1928 were equivalent to 63 per cent 
of the imoorts. Countries iuporting sui- cur from Germany in 1928 were Sweden 

(21,036 metric tons), *inland (22,165 tous), Great Britain (2,594 tons), Russia 
(2,020.tons), British India (1,874 tons), Portugal (967 tons), and Danzig (934' tons). 


ITALY 


The Italian exports of sulphur since 1900 have shown a constant tendency 
toward decreasée 


The trend of sulphur exports from Italy is shown in Table 7. The figures 
ere for Italian crude "eres.-io" sulphur and various graces of refined. Much of 
Italy's sulphur is exported to the neighboring states, mostly those bordering on the 
Kediterraneans however, the largest single nation importing sulphur from Italy is 
the United Kingdon, Table 8 shows the distribution of Italian exports of sulphur 
from 1924 to 1978. | 


JAPAN 


Japanese exports of sulphur increased slowly and steadily from the be- 
ginning of the century until 1917, when a peak of 85,000 lonz tons was reached. 
Subsequently exports declincda rapidly and have been of minor importance in the last 
decade. Table 9 shows the trend of Japanese exports. The foreign trade of sulphur 
from Japan is chiefly with the neighboring Asiatic couhtries and is not extensive 
due to lack of industrial development in these countries. The distribution of 
Japanese exoorts of sulphur is shown in Table 10. 
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Table 5.— Crude sulphur imorted into and exvorted trom the United 


States, 1909-1928 


np EE aa 


E:csports 


Imports for consunption 

Year ees eg ae a 

Long tons Value Long tons 
1900 167,712 $2,942,994 - — 
1901 175,209 3,287,906 o- ne 
1902 171,380 3,357,650 ~ ~ 
1903 191,003 '- 3,709,690 - se ~~ 
1904 127,996 2,462,360 1/3,000 1/ 
1905 82,961 1,528,126 11,522 | 2/ 
1906 | 72,404 1,282,873 8 14,437 .» $289,474 
1907 | 20,399 355,944 35,925 734,749 
1908 19,620 318,577 27 4894 561,534 
1909 28,800 492,962 37,142 736,928 
1910 28, 656 496,073 es 30,742 552,941 
1911 24, 200 434,796 28,103 545,420 
2912 26,885 494,778 - 57,736 1,076,414 
1913 15,122 286,209 89,221, 1,599,861 
1914 23,610 398,984 - - 98,163 1,807,324 
1915 24,647 405,990 37,312 724,679 
1916 21,289 358,416 - 128,755 2,505,857 
1917 973 20,176 152,736 3,500,819 
1918 55 1,692 131,092 3,625,638 
1919 77 1,997 224,712 6,325,552 
1920 4A, 1,722 4.77 ,450 8,994,350 
1921 4 226 285,762 4,524,768 
1922 1/ 167 6,453 485,664 7,095, 628 
1923 2/ 465 21,535 472,525 7,105,260 
1924 2/ 1,005 40,293 482,114 | 7,792,854 
1925 2/ 100 4,411 629,401 11,000,235 
1926 e/ 48 1,052 576,966 10,918,394 
1927 2/ 3,384 34,487 789,274 16,254,227 
1928 e/ 4,787 21,320 685,051 14,345,075 


1/ Composed of 130 tons of crude sulphur, imported Jane 1 to Sept. 21, and 37 tons 
of sulphur and sulphur ore, imoorted Sept. 22 to Dec. Sle 
2/ Classified as "sulphur and sulphur ore," 
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Table 7e—- Exports of sulphur from Italy (long tons) 
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Year Quantity Quantity 
1900 471,571 289 266 

1901 309,059 321,279 

1902 432,305 116,470 

1903 454,004 189,191 

1904 430,164 118,556 

1905 375,110 145,915 

1906 331,027 162,119 

1907 292,681 110,625 

1908 324, 880 211,107 

1909 324,033 263,044 

1910 339,072 191,011 

1911 334,288 169,824 
1912 370,442 210,406 

1913 345,790 189,312 

1914 256,220 
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Table 9.— Exports of Sulphur from Japan (long tons) 


Fable 10.— Exports of sulphur from Jevan, 1923 to 1927. by destination 


— | | (lonz tons) 

Country “1927 1926 1925 | 1924 1923 
China 1,959 | 2,557 2,015 1,753 B66 
Kwantung | a ) yo | 
Province 416 320 437 679 | 240 
Hongee : 

kong 687 867 1,254 1,223 | 145 
British : 

India 174 97 | 113 148  184— 
Straits | | 

Settlements 46 _ , 8 . 240 ft 120 88 
Dutch India 510 152 3 50 Pee 
Other ee ae 
. countries BT 16 {| 24 41 — 966 
Fotal 3,826 4,046 |-° 4,086 4,014 - 2,489 
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